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Literature Review
Introduction. — Many factors influence diversity and concentration of bacterial
populations in freshwater ecosystems including chemical, physical and biological
parameters. Some of these factors include nutrients, oxygen and waste products
that are mixed and moved throughout aquatic systems (54). Retention ponds at
Governors State University play important roles in collecting and treating storm
water before it enters Thorn Creek. A little over one-half of the land use within
the watershed is devoted to agricultural cover which could cause nonpoint source
runoff (64). Thorn Creek Watershed is very important because its habitat is so
diverse. The watershed is home to many mammal species and 260 of the 308 bird
species that are found in Illinois. Water quality has been declining in Thorn Creek
for the past several decades due to the effects of land conversion. This land
conversion has resulted in increased stormwater runoff which may have carried
pollutants into the stream (64). The EPA estimates that 40% of assessed surface
waters do not meet water quality standards due to high concentrations of fecal
indicator bacteria (42). Testing environmental waters directly for the presence of
all waterborne pathogens is not feasible for a variety of reasons. Some of the
reasons include a broad phylogenetic diversity, the sheer number of organisms
present and lack of effective methodology available (23). Indicator bacteria are
used to test for presence of pathogens in surface waters. Fecal indicators and
pathogens can come from both human and animal (domestic and wild) sources
and are transported via storm runoff to nearby water bodies (31). Various
indicator bacteria have been used to assess water quality degradation due to
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pathogens including: total coliforms, fecal coliforms, Escherichia coli (E.coli)
and enterococci (31). E.coli and enterococci are recommended for use as
indicators in freshwater (22). Coliforms, which include Escherichia coli, are
members of the family Enterobacteriaceae (71). They are facultative anaerobes,
Gram-negative, rod shaped bacteria that ferment lactose with gas formation.
Fecal coliforms make up about 10% of intestinal microorganisms. For this reason
they are widely used as indicator organisms for water quality. Coliforms are able
to persist in freshwater longer than other intestinal bacteria. Coliforms also
include a wide range of bacteria and not all are found in the gut tract. Fecal
coliforms are a subgroup of coliforms that are found specifically in the gut tract of
warm-blooded animals. These fecal indicators may eventually attach to particles
in streams and ponds allowing storm runoff to transport these indicators from
upland sources to receiving waters, resulting in elevated concentrations of these
indicators (4). The Municipality of Anchorage Watershed Management Services
states storm runoff is an important transport mechanism for fecal indicator
bacteria and the mechanism varies based on land use, type of system and degree
of stream modification (31). Additionally, according to Hathaway, indicator
bacteria loading was high in runoff that began in land use areas that were densely
urbanized and had curbs and gutters (31). Sediment in streams can then act as a
reservoir for these fecal indicators that are then resuspended after flooding due to
heavy rainfall (60). Current techniques are unable to accurately predict where
these fecal indicators move when traveling over land to surface waters (60).
Changes in microbial communities are often the first clue to changes in an
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ecosystem because bacteria are the first to react to chemical and physical changes
(6). These bacteria are also likely to be responsible, in part for these changes
through biogeochemical cycling driven by their diverse metabolic activities.
Heterotrophic bacteria play a crucial role in the biogeochemical cycle of aquatic
ecosystems because they are the major consumers of dissolved organic material
(DOM), which is the largest pool of organic carbon in natural waters (56).
Bacteria influence the primary mechanisms of elemental cycling of carbon,
phosphorus, nitrogen and sulfur (43). The activity of bacteria and other
microorganisms play numerous roles in regulating atmospheric composition,
recycling inorganic and organic matter and keeping the planet habitable for all
forms of life (43).
Factors affecting water quality. —The two most common causes of water
degradation in the United States frequently cited in journals are fecal coliform
bacteria and sediment (37). A preliminary study done by Sawyer and Jolley in
2008 revealed that the basins serve as a bacterial reservoir and consistently
showed elevated indicator bacterial levels above EPA recommendations (58).
Surfaces that are impermeable are often found in urban environments and reduce
infiltration of surface water. The debris and pollutants that are collected because
of this then increase the volume of surface water runoff and ultimately may
decrease the quality of water discharged into receiving waters (72). Krometis
states that sedimentation, as a removal mechanism, may depend largely on
microbial partitioning since bacteria and viruses can associate with particles in
water and have a faster sedimentation rate than free phase bacteria (42).
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Sedimentation is assumed to be the primary mechanism of microbial removal in
ponds, but conversely, inactivation mechanisms, (predation, competition and solar
inactivation), have not been fully investigated (42). According to Hathaway, et al.
while sedimentation is a major pollutant removal mechanism, there are other
mechanisms such as oxidation-reduction reactions, plant uptake and adsorption
due to contact among soils, vegetation and captured storm water (31).
Interestingly, the majority of the papers did not examine the relationship between
sediment and the fate of E.coli or fecal coliforms that settle out of the water in a
watershed versus fecal coliforms in soils of the riverbank or riparian buffer.
Persistence of Escherichia coli. — There are many different pathways E.coli can
take to water but there is a large amount of uncertainty regarding these pathways
(14). Once in the water there are different outcomes for the bacteria including
deactivation, attachment and deposition. It is generally assumed that the source of
E.coli comes from humans and other warm-blooded animals. Current studies
focus on E.coli from outside point pollution sources but it has become clear that
fecal bacterial indicators can persist and replicate in sediment (12). Once E.coli
reaches sediment bottom they are protected from predators and have higher
amounts of nutrients available (14). The EPA sets goals using the Total Maximum
Daily Load (TMDL) program (22). Current TMDLs do not include resuspension
of sediments and attached bacteria so the concentration of E.coli may be inflated
(14). There is now some debate whether fecal bacteria are appropriate to
determine contamination of water bodies because of their ability to persist (59). A
2003 study on Dunes Creek tried to determine the cause of chronically elevated
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levels of E.coli despite no direct evidence for point source pollution (12). This
study supported the idea that E.coli was ubiquitous and persisting in the riparian
buffers of the watershed that surrounded Dunes Creek. They determined that it is
likely that E.coli was not newly appearing but simply persisting over time from
the surrounding area. Jolley’s research indicated that levels of fecal coliform in
base flow water were not related to land use but to resuspended sediments (37).
He studied two streams in South Carolina that revealed the base flow of fecal
coliform levels was hundreds to thousands of times higher than levels in the
overlying water (37). Sawyer’s 2008 study showed that pathogenic bacteria in
sediment may survive longer than in overlying waters due to sediment size,
composition, temperature, pH, and finally protection from predation and
environmental stressors (58). These pathogens can easily become resuspended
during any event that moves sediment (14). While the optimum growing
temperature for E.coli is 37°C, some can survive winters in sediment in
temperatures as low as 4°C (14,30). The potential for regrowth within sediments
has been confirmed by several researchers, with storm drain sediment, bottom
sediment and stream banks, allowing for growth and possible resuspension of
bacteria as a potential source of water degradation (53). Furthermore, pathogens
adsorbed to sediment may survive and multiply and may then be resuspended in
surface waters (58).
Runoff. — An important factor when considering the path that an indicator
organism travels is the runoff cycle. The runoff cycle can be explained by
following a raindrop as it comes to earth and travels towards the nearest stream
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(47). Overland flow occurs when rainfall exceeds the soil infiltration capacity and
moves “overland” to the nearest stream. Runoff is defined as the portion of
precipitation, snowmelt or irrigation that flows over and through soil, eventually
making its way to surface water supplies (4). Runoff may be the cause of
increased pollutants in receiving waters. In the past, water pollution policies
focused primarily on point sources while non-point sources were assumed to be
insignificant (20). Recently though it has been estimated that one-third of the
pollutants entering waters in the United States comes from non-point sources (20).
One of the challenges when dealing with ecosystem management is altered
hydrology. Ecological problems with streams, ponds and lakes are associated with
both point and non-point source pollution (64). If the origin of pollution in
question can be linked to a single source it is considered point source pollution. If
the pollution is widespread or cannot be traced to a single source it is considered
non-point source pollution (54). Examples of point source pollution include
degradation from industrial discharge, direct and indirect livestock use, municipal
runoff, poorly maintained septic systems, and other sewage inputs (64).
Urbanization and an increase in impervious surface cover can affect regional
hydrology and water quality by impairing stormwater infiltration and ground
water recharge and significantly increasing surface runoff during storm events
(32). As little as 10% impervious surface in a watershed can begin to affect
downstream rivers, lakes and estuaries (55). Over time this can change the
complete composition of the watershed. Eutrophication may also occur when
water has a high concentration of phosphates and nitrates due to runoff. This can
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then promote an excessive growth of algae, which as the algae die and decompose
may deplete available oxygen from the water (3). Different techniques have been
used to manage urban stormwater runoff in different areas. These techniques are
sometimes referred to as Best Management Practices (BMPs) and include the use
of large diameter pipes, rain barrels and surface basins like wet and dry retention
ponds as well as bioswales and permeable pavers (32).
Best Management Practices. —Best Management Practices (BMPs) have been
developed as a land management approach in order to protect water and soil from
degradation (44). Lemke’s study states that many studies have been performed at
the field level but that there is not a lot of long-term data currently to determine
whether there are environmental benefits from conservation efforts in watersheds
(44). Lemke says that there are a variety of different ways to evaluate the
effectiveness of BMPs when looking at watersheds. One of the most intense
approaches involves comparing two paired watersheds. A paired watershed is one
that is adjacent to or near another watershed sharing similar topography, land use,
soils and climate (44). One drawback of doing paired watershed studies is that
there can be some difficulty in knowing all of the locations and number of BMPs
that are installed in a watershed. The two watersheds being studied were Bray
Creek, which had the treatment of an outreach program, and Frog Creek, which
did not. The outreach program consisted of an introductory package and five
workshops from 2000-2003. Lemke hypothesized that the watershed with the
outreach treatment would have increased rates of agricultural BMP
implementation. These increased rates might cause changes in that watershed in
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the nutrients, suspended sediments and hydrological measures (44). Stormwater
treatment ponds are considered one of the BMPs for stormwater treatment.
Stormwater ponds retain runoff flow so pollutants can precipitate out of the water
before they enter the watershed (5). Urban storm water is commonly treated by
stormwater BMPs, each of which provides some combination of treatment
mechanisms and provides a certain set of environmental conditions (31).
Stormwater BMPs include wet ponds, dry detention basins, wetlands, bioretention areas, and proprietary devices. Total maximum daily loads are being
instituted to help reduce indicator bacteria in surface waters in order to reach
water quality goals in impaired waters (31). These indicator species are used to
test for the presence of possibly harmful bacteria in surface waters. BMPs are an
essential tool in treating indicator bacteria in runoff (31). Degradation can come
from various sources, including surfaces like parking lots, roadways and rooftops.
These sources cause more stormwater runoff and pollutant loads than any other
type of land use because the hard surfaces increase overland flow of runoff and
accumulate from buildings and traffic contributing to the watersheds that the
runoff flows into (55). Common stormwater treatments include treating the storm
water at the end of the water pipe. Another popular approach to improve surface
runoff is to use wet retention ponds (40). Stormwater BMPs are often considered
effective tools to mitigate the effects of urbanization on receiving waters (62).
The average retention pond can remove from 25% to 75% of pollution depending
on pollutant (5).
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Some of the factors that affect bacterial indicator concentrations include
light, time and temperature as well as pH, filtration, biological oxygen demand
and predation (62). During a study conducted by Hathaway in 2009 on Charlotte,
North Carolina’s BMPs within the city, grab samples were taken and analyzed for
both fecal coliform and E.coli from 12 different BMPs (31). For this study, a data
set included six or more storm events with samples from both the influent and
effluent of the sites. Sites included two dry detention basins, one pond, two stormwater wetlands, one bioretention area and three proprietary BMP ponds (31). It
was determined that the wet pond, wetlands, bioretention ponds and Proprietary 1
pond had greater than 50% removal of fecal coliform. Only one of three of the
wet ponds studied showed fecal coliform removal equal or greater to 70%. The
dry detention ponds showed negative removal of fecal coliform suggesting that
perhaps the wet soil was a place where these bacteria could persist for extended
periods of time. Hathaway, et al. concluded that their study supported the
hypothesis that urban watersheds are a nonpoint source of pollution in surface
waters (31). It should be noted that at the very end of the article they state that
they cannot make generalizations because they only had a few examples and
suggest more studies be performed in the future in more detail.
Struck investigates the results of the EPA’s pilot study on inactivation rate
constants, coefficients and the environmental factors affecting the concentrations
of bacterial indicator organisms (62). This study used a first-order decay model to
predict indicator bacteria. Struck’s paper suggests that constructed wetlands and
retention ponds may lower microbial concentrations in urban storm-water runoff
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(62). The study concluded that the concentration of indicator organisms decreased
exponentially over time and stated that many other factors can contribute to their
inactivation in BMPs (62). They suggest that having reliable rates and coefficients
will help to improve the accuracy of surface water quality models (62). Sawyer
states that the BMPs in South Carolina are constructed to capture a minimum of
80% of total suspended solids. While the pond systems do trap a large portion of
entering sediment, there is still a significant amount that is being released into
nearby surface waters. The purpose of Sawyer’s research was to evaluate E.coli
concentrations in stormwater runoff and retention ponds to see if they were
sources or sinks for indicator bacteria and to examine which chemical factors
influence the growth and decay of these bacteria. In this study, samples were
collected at the input and output pipes of each of 8 ponds. Determination of
sediment associated bacteria concentrations was made through computational
analysis. Preliminary results show that sediment-associated E.coli numbers are
statistically higher than their corresponding water column numbers in almost all
cases. Sawyer concluded that these sediment basins or retention ponds routinely
serve as active bacterial reservoirs and potential sediment sources. Although
BMPs have been shown to reduce pollutants via biological processes (46),
standing water in many BMPs now provide habitats for other nuisance species
like the mosquito (2). BMPs have been studied for pollutants but there is not a lot
of material available which investigates whether BMPs are effective at removing
or inactivating indicator bacteria (31).
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Retention ponds. —Retention ponds are storm water control structures for
treatment of stormwater runoff and retention (65). These retention ponds control
the water quality and quantity by keeping and treating the water from a storm
event in the retention pond until another storm event occurs to displace the
original runoff. Stormwater enters the pond through street catch basins, roadsides,
seeps and bioswales (2). The retention pond consists of a permanent pool of water
where storm runoff can be kept and treated (Fig. 1). Wet retention ponds are
commonly used as a means to reduce pollutant levels in urban and suburban storm
water by reducing suspended sediments (46). These retention ponds use the theory
of plug flow. Influent runoff comes into the pond and then theoretically replaces
runoff from prior events (31). These ponds allow larger sediment particles to
settle out via sedimentation (58).
The main function of retention ponds is to remove pollutants by
sedimentation, since a significant part of the pollutants in road runoff are
associated with particulate matter (61). In addition to sedimentation, other
treatment mechanisms also occur (31). These include oxidation-reduction
reactions, plant uptake and adsorption from soil, vegetation and captured storm
water (31). These ponds are generally recommended as a method for managing
the effects of land development (9). Stormwater ponds are engineered to control
flooding and reduce direct contaminant runoff (17). Most ponds can effectively
reduce concentrations of pollutants like nutrients, fecal bacteria and heavy metals
(46). But sometimes these structures cannot always control the increased volume
of runoff and may also increase flow duration (28). Jolley determined that
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indicator bacteria and other waterborne pathogens adsorbed to sediment particles
may survive and reproduce and bacteria living in this substrate can actually be
resuspended and transported again if there is a disturbance to the substrate.
Many studies, according to Borden, look at pond hydraulics and physical
removal of pollutants by sedimentation (9). Borden’s study looked at differences
in influent microbial populations between two retention ponds to determine pond
water quality and pollutant removal efficiency. Borden’s study examined the
relationship between algal growth and nutrient cycling and how it contributes to
the remove of pollutants from two retention ponds (9). These ponds had
differences in water quality and pollutant removal efficiency, which may have
been caused in part by the different influent pollutant concentrations. Similarly,
Mallin’s study of three retention ponds suggests that while the ponds may remove
pollutants, nutrients are also being removed (46). Positive impacts generally
override negative impacts of these retention ponds but ponds that have a poor
design or are maintained improperly may have adverse effects on water quality
(65).
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FIG. 1. EPA retention pond diagram

Retention pond health. —Water quality or pond health in retention ponds is
relevant to wildlife that utilize the ponds and to the surrounding watershed and
ecosystem. Low water circulation and nonpoint source pollutant loading can lead
to degradation of water quality in retention ponds due to eutrophication, harmful
algal blooms, chemical contaminants and pathogenic microorganisms (17).
Sedimentation is commonly assumed to be the primary mechanism for microbial
removal in retention ponds (42). Aquatic ecosystems are highly sensitive to
fluctuation in nutrient concentration while being dependent on the nutrients
themselves (39). Nitrogen and phosphorus are the limiting factors in terrestrial
and aquatic ecosystems and drive primary production so that is why these two
nutrients are important to pond health (39). According to a study by Mallin, the
only pollutant removal criterion is an 85% reduction for North Carolina wet
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retention ponds (46). There are many different results from wet retention ponds
pertaining to detention time, incoming nutrient load and algal bloom formation
(46).
Retention pond diversity. —Microbial life encompasses the vast majority of all
metabolic and genetic diversity on Earth (43). Microbial communities associated
with freshwater environments are the foundation of food webs and ultimately the
biogeochemical agents involved in nutrient cycling (52). Diversity of freshwater
environments was originally assumed to be similar to marine or soil environments
rather than different but recent genetics-based studies have revealed that diversity
of freshwater microbes are quite different and more diverse than marine
environments (52). There have been several studies that support the idea that
microorganisms within a habitat are determined by local environment (24).
Freshwater environments are now being distinguished from marine environments
by the dominance of members of the Betaproteobacteria class and the
Actinobacteria class (52). These groups are intermediates in estuarine
environments. Their abundance and distribution suggest these two groups are
influenced differently by hydrologic type, nutrient conditions, seasonality and
grazing pressures (52). While the importance of bacteria in freshwater ecosystems
is well known, the mechanisms and diversity of these communities is still not
entirely clear.
Low Impact Development (LID) techniques/bioswales. — Low Impact
Development (LID) techniques include permeable paver systems, bioswales and
other techniques that have a smaller footprint than traditional BMPs like retention
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ponds (28). The basic principle of LIDs are to maintain post-development
hydrology as close to the natural state of the site before development (1). Most
BMPs traditionally focus on moving runoff as quickly as possible to retention
ponds. Using bioswales can help reduce downstream nonpoint-source pollution
(45). The Natural Resources Conservation Service defines bioswales as elements
that are used as stormwater conveyance systems to filter runoff (49). Bioswales
should direct all surface runoff through them. The bioswale acts as a stormwater
detention facility and subsurface drainage system and will decrease speed of flow,
allowing suspended solids to settle into soil and thereby improve water quality
because these solids may be decomposed by plants and microbes (27). An ideal
application of bioswales is in parking lots (45). Betty Rushton’s 2001 study
examined a parking lot at the Florida Aquarium in Tampa to see what differences
three different paving surfaces would have on runoff (55). The research showed
that treating stormwater as soon as it hits the ground could improve water quality
and increase infiltration of the storm water into the ground thereby decreasing the
amount of pollutants that might reach water bodies (55). Use of bioswales with
pavers was most effective. Her report concluded with stating that an expert should
always install pervious pavers and that maintaining the area with bioswales is a
must in order to keep the system running properly (55).
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Synthesis of Research
Abstract. —Retention ponds at Governors State University play an important role
in collecting and treating storm water runoff before leaving campus and entering
Thorn Creek. Many chemical and physical factors influence the diversity of
bacterial populations in freshwater ecosystems. The main objective of this study
was to compare the interactions of various bacterial populations with chemical
and physical factors from seasonal inputs and outputs of Governors State
University retention ponds before being discharged into Thorn Creek. The
retention ponds studied include the Café Settling pond, Café pond and Beaver
pond. Water and sediment were collected from inputs and outputs every other
month for a year. Aerobic bacteria, Escherichia coli and coliform abundances
were assessed using 3M™ Petrifilms and colony morphologies used to determine
overall diversity. BiOLOG™ Gen III plates gave species IDs, and BiOLOG™
EcoPlates were used to determine the physiological fingerprints from each site.
Aerobic counts for water and sediment were higher in summer. June rainfall and
drier August conditions may have attributed to differences between water and
sediment. Chemical factors appeared to also play a role in changes in the ponds. A
repeated measure MANOVA was run in SAS™ and statistical significance was
found with a p-value of <0.001 for aerobic counts and coliform counts and no
statistical significance with a p-value of 0.8544 for E.coli counts. Specific
conductivity, pH and water/sediment, input/output (pond) interactions also
showed statistical significance. Principal Component Analysis (PCA) was
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performed for water and sediment separately using PC-ORD™ software and
graphed.
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Introduction
Introduction. — Many factors influence diversity and concentration of bacterial
populations in these freshwater ecosystems including chemical, physical and
biological components from runoff. Inside the watershed, increased impervious
surface is diverting large volumes of water into drainages, causing extensive
erosion problems through channel widening and bank failure along some streams
(64). The campus retention ponds were constructed to help clean stormwater and
parking lot runoff. Retention ponds at Governors State University play an
important role in collecting and treating storm water runoff before it enters Thorn
Creek. A little over one-half of the land use within the watershed is currently
devoted to agricultural cover, which could cause non-point source runoff. Thorn
Creek’s forest habitat is so diverse that 260 of the 308 bird species in Illinois are
found there. The watershed is also home to many mammal species including the
rare river otter. The Thorn Creek watershed is also home to many different
aquatic species and rare frogs. Land use and development is a huge concern for
the Thorn Creek Watershed as well as habitat loss and degradation. Water quality
has been declining in Thorn Creek for the past several decades, due to these
effects. Tallgrass prairie has declined an estimated 70% in pre-settlement times to
less than 12% within the grassland areas (50). As a result, increased stormwater
runoff has carried a significant pollutant burden into the stream (50).
The main objective of this study was to compare and elucidate interactions
for seasonal abundance and diversity of total bacteria, coliform bacteria and E.coli
populations and the corresponding chemical and physical factors in Governors
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State University retention ponds before being discharged into Thorn Creek. Since
bacteria drive the biogeochemical cycles it is important to include aerobes and
coliforms in the study as well as E.coli. Due to the number of parameters
measured and the complexity of the ecosystem, it was essential to include
statistical analyses that allowed for the most significant interactions to be
determined. Extensive tile drainage systems have been installed in Illinois. These
are used to remove excess water from poorly drained soils and discharge runoff
into streams and ponds across Illinois’ watersheds (44). There have been multiple
studies done that show that tiles like those on the Café pond are primary pathways
for nutrients, pesticides and herbicides in surface waters and may bypass
remediation benefits of retention ponds (44). Not a lot of research has been done
on the campus retention ponds and their impact to Thorn Creek. This study
attempts to see patterns for cell abundance and type that are entering and leaving
the retention ponds. A MANOVA and other statistical analyses were used to
determine the most important interactions between and among all factors that
were measured.
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Materials and Methods
Site description. —Fieldwork was performed at Governors State University,
located on approximately 303 hectares (ha), roughly 59.5 kilometers south of
Chicago, Illinois. Governors State University has a 55.74m2 building and also has
organic farmland, three retention ponds that cover 8.9 ha and includes a 44.5 ha
environmental research preserve of protected woodland (26). Retention ponds
studied include Café Settling pond and Café pond on the northern end of campus
and Beaver pond, which has permeable pavers and bioswales leading from the
parking lot on the southern end of campus (Table 1). The retention ponds are
temporary homes to migratory Canadian Geese, herons and hawks. These
retention ponds and research preserve comprise the headwaters of Thorn Creek
(29).
Thorn Creek. —Thorn Creek flows northward about 32.2 kilometers from its
origin in eastern Will County to its confluence with the Little Calumet River in
Southern Cook County, running along the way though the municipalities of
University Park, Park Forest, South Chicago Heights, Chicago Heights,
Glenwood, Thornton and South Holland (50). Thorn Creek forms a 227.13km2
watershed with 48% of the watershed as urbanized cover and another 48%
forested cover (Fig. 2). Thorn Creek is home to nine lakes, over a hundred ponds
and small lakes and almost 83% of the landscape remains as original forest (64).
During most of this study, active construction on a new science wing for
Governors State University was taking place near the Café Pond.
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Café Settling pond (CSP). —The Café Settling pond is located north of the main
campus building and was built in approximately the 1960s. It drains into the Café
Pond and from there into Thorn Creek (Fig. 3). There were two sampling sites
chosen on this pond. The Café Settling Pond Input (CSPI) is located north of the
pond through trees while the Café Settling Pond Output (CSPO) is located across
the settling pond. The CSPO connects into the Café Pond Input Northwest
(CPINW) site via an underground spillway before moving into Thorn Creek.
Cafe pond (CP). —The Café pond is situated north of the main campus building
outside the cafeteria (Fig. 3). Runoff can enter this pond from the building and
pipes leaving via the Café Pond Exit (CPE) site. This pond has marble slabs lining
it that were installed sometime in the 1980s. There were eight sampling sites
chosen on this pond. Café Pond Input-Left (CPIL), and Café Pond Input-Right
(CPIR) were pipes that were situated directly outside the café seating area on the
back of the campus building (Fig. 3). Café Pond Input-Northwest (CPINW) was
north of the CPIL site and was another input pipe into Café pond. Café Pond
Input-Southeast (CPISE) was on the south side of the pond across from a bench.
Café Pond Output (CPO) was located on the north side of the pond and was the
single effluent pipe leading to the Café Pond Exit (CPE) site at the bottom of a
hill.
Beaver pond (BP). —Beaver pond is southeast of parking lot ‘East 2’ on the
southeast side of the main campus (Fig. 4). This parking lot consists of two lots
that covers 20.4m2 (29). The parking lots, covered in a permeable paving system
with bioswales installed in approximately 2008, is meant as a best management
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practice for stormwater (26). During heavy rainfall, excess water flows into the
bioswales that are placed to absorb groundwater. Any excess water is absorbed by
the spaces between the pavers and flows into the storm sewers. These sewers feed
into Beaver Pond. Beaver Pond sampling sites included Beaver Pond Input (BPI)
at the northwest corner of the pond adjacent to the southeast corner of the parking
lot. From there the water flows across a pipe into a larger portion of the pond. At
the east end of the pond is the Beaver Pond Output (BPO) site. This site has a
large drainpipe upon which beavers build up their dams. This pipe goes downhill
through dense forest to the Waterfall Exit (WFE) site. The WFE site drains
directly into Thorn Creek.
Experimental Design. —Sampling was conducted every other month from April
2013 through April 2014, with the exception of February. A total of six samples
from the field were obtained: April 2013, June 2013, August 2013, October 2013,
December 2013 and April 2014. Field conditions were noted during each
sampling period (Table 2). Physical and chemical variables were measured using
an YSI 556 MPS multi-parameter water quality probe (Table 3). The YSI meter
was calibrated before each sampling trip to ensure accuracy. Sampling sites were
chosen based on position of input and output pipes within each pond, but five
replicate samples for water and sediment were collected in random locations
within each sampling site. Following EPA standards, water samples were taken
before sediment samples at each site, so that water was not contaminated with
bacteria agitated from sediment at the bottom of the ponds. All samples were
placed in 50 mL plastic, sterile tubes for transport to the laboratory.
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Laboratory analyses. —All samples were processed on the day of sampling to
ensure the bacteria were viable. Additionally, dilutions and plating were done in
the lab. Samples were stored at room temperature while all analysis was
performed. Water samples were diluted and then plated in duplicate onto 3M™
Petrifilms that tested for aerobic and E.coli counts. Each of the five samples from
the 11 sampling sites was plated using a micropipettor to plate 1 mL of the sample
onto the 3M™ Petrifilms. Sediment samples were first diluted and then plated in
the same manner as the water. Aerobic films were kept in the dark and counted
after 7 days while the E.coli plates were stored in the incubator for 24 hours and
then read as soon as possible thereafter. After 24 hours, if growth was present, the
films were stored in the refrigerator, if needed, until counted. Plates that had
colonies in the countable range were used in data analyses. Similar to other
studies, the count from each plate was normalized to source concentration by
using the dilution factor and volume filtered (62).
Once the initial plating for aerobic bacteria and E.coli was completed, the
five replicates from each site were combined to create a composite sample in
order to do other tests. These tests included BiOLOG™ Ecoplates, Gen III plates
and colony morphology in order to determine Shannon Wiener diversity. Each
composite sample was plated on a BiOLOG™ Ecoplate and then was placed in a
dark place until read at 2 days and 5 days. Ecoplates were assessed for similarity
and rate of color change as well as richness of response using a microplate reader
(7). R2A nutrient agar was used to create duplicate spread plates using 100 µl
from the composite samples for each plate. Plates were stored for 5 days in a dark
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cabinet. Plates were counted and then examined for colony morphology in order
to isolate the most abundant strain of bacteria for further evaluation. Colony
morphology included identifying eight characteristics on size, form, elevation,
margin, appearance, optical property, pigmentation and texture. Once colony
morphology was complete, isolation of the most abundant colonies was done via
streak method onto new agar plates and isolated colonies were allowed to grow.
The most abundant bacteria isolated from each of the streak plates were plated
onto BiOLOG Gen III™ plates for identification of specific Gram-positive and
Gram-negative bacteria from phenotypic patterns (8).
Statistical analysis. —Statistical analysis was done using the SAS™ version 9.3
software package with statistical significance set at α= 0.05. Data was tested for
significant differences between bacterial concentrations across all the sites and
over time using a MANOVA test. Time was considered a repeated measure with
individual ponds (Café Settling Pond, Café Pond and Beaver Pond) all separate
blocks. The inputs and outputs were treatments with the response variables being
the counts for aerobes, coliforms and E.coli. The predictor variables included, pH,
dissolved oxygen, temperature, rainfall, water, sediment and specific
conductivity. All parameters were initially entered into the MANOVA but
interactions that did not show any correlation in initial analysis were removed in
order to increase error degrees of freedom. Principal component analysis was then
run separately for water and sediment using PC-ORD™ software and Pearson
correlations were generated for each set of counts separately (aerobic, E.coli and
coliform) as well as the chemical and physical factors.
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TABLE 1. Key for sampling sites

Code
CSP

Site Name
Café Settling Pond (CSP)

CP

Café Settling Pond
Output (CSPO)
Café Pond Input (CPI)

Café Pond Output (CPO)
BP

Beaver Pond Input (BPI)
Beaver Pond Output
(BPO)
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Sites Include
Café Settling Pond Input
(CSPI)
Café Settling Pond
Output (CSPO)
Café Pond Input Left
(CPIL)
Café Pond Input Right
(CPIR)
Café Pond Input NW
(CPINW)
Café Pond Input SE
(CPISE)
Café Pond Output (CPO)
Café Pond Exit (CPE)
Beaver Pond Input (BPI)
Beaver Pond Output
(BPO)
Waterfall Exit (WFE)

TABLE 2. Field conditions on sampling Days

Month/Code

Rainfall
Totals for
Month
(in)

MTD
Rainfall
(inches)

Temperature
(°C)

Field Conditions

April 12, 2013 (A)

7.65

1.49

4.4

Clear, 20 mph
wind

June 13, 2013 (J)

August 19, 2013
(AU)

October 21, 2013
(O)

3.24

2.36

0.00

2.42 (1.20
fell the night
before)

1.39

0.00

Flooded banks,
very windy
16.7

30.6

Very dry. CP –Lots
of Lemna and
cyanobacteria
Water levels very
low. BP covered
almost entirely by
lily pads, lots of
frogs. WFE almost
completely dry.

3.9

Freeze advisories
in effect. Water
Levels on CP low.
No water at CPE
Sediment was hard
to get. Evidence of
dead fish, scat
along edges and
beavers/deer. BPLots of lily pads
and WFE still dry
but not as dry as
Aug.

December 4, 2013
(D)

0.43

.07

10

Cold and wet.
Warmer than usual.
Fog and mist.
Water flowing
fairly well. Some
ice. Lily pads gone
from BP

April 8, 2014
(AP)

2.85

1.38

12.8

Rainy and cold,
water flowing.
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FIG. 2. Map of the Thorn Creek Watershed.
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FIG. 3. Cafe Settling pond (CSP) and Cafe pond (CP) sampling sites.

FIG. 4. Beaver pond (BP) sampling sites. The location of the sites on the BP and their
location in relation to Thorn Creek.
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Results
Aerobic
Water. —The highest aerobic counts for water were found in June, August and
October. The lowest counts were in winter (Fig. 5). The Café Settling pond had
higher counts at outputs rather than inputs with the exception of April. The counts
on the Café pond were higher at the input for all months except August and
October. Beaver pond had higher counts at input for all months except August and
October. Counts were fairly consistent between input and output. There was a
large shift between April and June. There was more fluctuation in counts than in
sediment.
Sediment. —The counts were roughly two orders of magnitude higher in sediment
than in water over the span of the study. The aerobic sediment counts appeared to
have more fluctuation than waterborne bacterial counts with the highest counts in
June and lowest in December for all sites (Fig. 5). Counts were highest in June,
August and October across all the ponds. Trends between input and output were
similar. For the Café settling pond, the counts were higher at output for all the
months except June.
Coliform
Water. —Counts were highest in June, August and October (Fig. 6). Counts
decreased from June to August across all of the ponds. Additionally in October,
the mean counts at all outputs were higher than the inputs. From August to
October there was another spike and counts increased. The Café Settling pond had
higher counts at input with the exception of October. There were no coliforms
present in December or April on this pond. The Café pond counts were higher at
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inputs with the exception of June and October. The Beaver pond water counts
were higher on input for all months except August, October and December.
Sediment. —Coliform counts for sediment on all the ponds were highest in June
(Fig. 6). All of the ponds had the same trends across time. Counts on the Café
settling pond were higher at output with the exception of June and December.
Counts on the Café pond were higher at output except in April 2013 and
December. Counts on the Beaver pond were higher at input with the exception of
April 2013, August and April 2014. Counts were also higher than water for
December.
E.coli
Water. —E.coli counts were higher for June and August. Counts on the Café
settling pond were higher at output with the exception of April 2013 and April
2014 (Fig. 7). December. Café pond had higher counts at input with the exception
of August. June and April 2014 had no E.coli present. Beaver pond had higher
counts at output with the exception of both April dates. E.coli was not present for
October and December.
Sediment. —Sediment counts were two orders of magnitude higher than water.
Counts were also higher than water in December. The counts were highest in
October on the Café Settling pond, in June on the Café pond and in April 2014 on
the Beaver pond (Fig. 7). Trends appeared to be similar over time for all ponds.
Counts on the Café settling pond were higher at the input with the exception of
August, October and April 2014. The café pond had higher counts at input with
the exception of August, October, and April 2014. The Beaver pond had higher
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counts at the input with the exception of August and October. E.coli were not
present in June.
Diversity
Water. — Diversity for water across all three ponds declined slightly over time
with the lowest diversity in December (Fig. 8). In April 2013, the Café Pond Input
(CPI) site diversity was higher than all of the other sites (2.54). Overall, the
Beaver Pond Output (BPO) site had the lowest diversity of all the ponds in
December (0.633). There was a slight increase in diversity in August at the Café
Pond Output (CPO) site from 1.87 to 2.12. Beaver pond had higher diversity at
inputs than outputs. The index numbers stayed fairly consistent on the outputs of
Beaver Pond over time.
Sediment. —Diversity for sediment on all three ponds fluctuated with highest
diversity (2.38 and 2.30) in April 2013 at the Beaver Pond Input/Outputs
(BPI/BPO) sites and Café Pond Output (CPO) sites (Fig. 8). Diversity was lowest
over the winter months. The Settling pond inputs had high diversity in April 2013
and April 2014. Outputs on Café pond had slightly higher diversity than the inputs
for April, August and October 2013. Beaver pond inputs were higher in April
2013, August and April 2014. The biggest fall in diversity occurred in the Beaver
pond at the BPI sites from April 2013 to June 2013 from roughly 2.30 to 0.60.
The biggest rise also was at the BPI sites from June to August 2013, from 0.60 to
1.66.
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Chemical Parameters
pH. —The pH in all three ponds ranged between 6.8 and 9.6 for all the sites
(Table 3). In April 2013 and April 2014, the three ponds had very similar pH
values (Fig. 9). The pH was very different between the input and outputs on the
Café Settling pond for August (7.1 and 9.3, respectively). The pH values of the
Café Settling pond were similar when looking at input and output within each
month with the exception of August. The values between the inputs and outputs
were also very similar across all the months on the Café pond. The Café pond had
pH values under 8.0 for all months except August where the values were between
9.5 and 9.6. The Beaver pond was the only pond to have higher pH values at the
outputs compared to the inputs. The largest difference was between Beaver Pond
inputs and outputs in October (7.2 and 8.1, respectively).
Temperature. —The water temperature of the three ponds was very similar to
each other in April, December and April 2014. Temperature increased from April
2013 to August, with the exception of the Café Settling pond input (Fig. 10).
Temperature at the Café Settling pond input was more similar to December and
not similar at all to the other ponds. All the sites had lower temperatures from
October to December. Temperatures were slowly rising again in April 2014. The
Café Settling pond had the lowest temperature in August of 6.0°C while the Café
pond input had the highest temperature in the same month of 22.0°C. The Settling
pond showed similar trends for temperature with the exception of June and
August. In June, the temperature was 19.0°C at the input and 17.0°C at the output.
Temperature in August at the input was much lower at 6.0°C and much higher at
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20.0°C at the output. The lowest temperature was recorded in December for both
input and output on the Settling pond. The Café pond also exhibited differences in
temperature in June and August between input and output. The temperature in
June was 18.0°C at the input and 14.5°C at the output. The temperature was
higher at the input in August at 22.0°C and 18.5°C at output. The coldest
temperatures were in December for both input and output. The Beaver Pond
similarly had the biggest changes in temperature in June and August. The
temperature at the output in June (18.5°C) was higher the input (13.0°C). The
temperature in August on the Café pond (20.5°C) was also higher than the input
(15.0°C). The lowest temperature was in December for both the input and the
output.
Dissolved Oxygen. —Dissolved oxygen (DO) was lowest in April for all the
ponds and ranged from (0.95-1.10 mg/L). The highest DO (25.00 mg/L) was at
the Beaver pond outputs (BPO) in December. This was also the largest difference
between input and output (12.50mg/L compared to 12.80mg/L). The DO was
roughly the same for the three ponds in both April 2013 and 2014 when
comparing input to output (Fig. 11). The Café pond had higher DO levels at the
input in every month but June and October. Beaver pond’s DO levels were similar
between input and output with the exception of December.
Specific conductivity. —The levels for the Café Settling pond were similar across
all the months (Fig. 12). The highest overall specific conductivity was on the
Beaver pond input in April 2014 (3.40 mS/cm). The lowest conductivity of all
three ponds was on the Café pond input for June (0.49 mS/cm). The Café Settling
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pond’s lowest conductivity was in June at the output (0.52 mS/cm). The highest
conductivity was in April 2014 at input/output (1.40 mS/cm). Measurements of
conductivity were very similar on the Café Settling pond between the input and
output each month. Café pond inputs had lowest conductivity in June (0.49
mS/cm). Café pond outputs had highest conductivity in December (1.47 mS/cm).
Beaver pond outputs had lowest conductivity in December (0.91 mS/cm) and the
highest at the input in April 2014 (3.40 mS/cm). Beaver pond had the greatest
differences between inputs and outputs in each month.
BiOLOG Ecoplates™
Water. — Carbon usage was lower across the three ponds in April 2013 and then
higher over the summer months into fall (Fig. 13). The Café Settling pond had
highest carbon usage in June and December at the outputs of the pond. The lowest
usage was in April 2013 for the output. The Café pond had the highest carbon
usage patterns in June and December in the inputs of the pond. The lowest usage
was also in April 2013. The Beaver pond also had the highest carbon usage
patterns in June. The lowest usage was in April 2013 in the Beaver pond, the
same as the other two ponds.
Sediment. —Carbon usage patterns for the Café Settling pond were highest for the
output in October (Fig. 13). The lowest carbon usage was the input on the pond
for August. The Café pond also had the highest carbon usage on the output for
October and the lowest for the input in August. The Beaver pond had the highest
carbon usage at the outputs for December. The lowest carbon usage was at the
outputs for June. Gen III™ plates were also run on the most abundant species from
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each site (Tables 4, 5). Species that appeared at in both water and sediment were
noted in the table with a ‘**’. If the species name is in bold it indicates that it
appeared in more than one pond. Bacillus amyloliquefaciens, Flavimonas
oryzihabitans and Burkholderia andropogonis were among some of the species
that appeared more than once across ponds in both water and sediment.
Statistical Analysis
Principal components analysis (PCA) for water. —The water sites on Axis 1 had
an Eigenvalue of 9.191 and a Broken-stick Eigenvalue of 4.027 (Table 6). Axis 2
had an Eigenvalue of 5.450 and a Broken-stick Eigenvalue of 3.027. The graph of
Axis 1 vs. Axis 2 has circles drawn around the carbons and sites that were
clustered together (Fig. 14). A Bray Curtis dendogram was generated from the
results from the PCA on PC-ORD™ (Fig. 15).
Principal components analysis (PCA) for sediment. —The Eigenvalue for Axis 1
was 6.966 and the Broken-stick Eigenvalue was 4.027 (Table 7). The Eigenvalue
for Axis 2 was 5.105 and the Broken-stick Eigenvalue was 3.027. The graph
shows the cluster of the carbons and the sites (Fig. 16). A Bray Curtis dendogram
was generated for the sediment sites from the carbon usage data (Fig. 17).
Correlation and MANOVA. —Pearson correlation coefficients were generated
comparing the counts of aerobic, coliform and E.coli. Coliform and E.coli had a
strong correlation to each other but nothing else appeared to be correlated (Table
8). A repeated measure MANOVA was run in SAS™ and statistical significance
was found with a p-value of <0.001 for aerobic counts (Table 9) and coliform
counts (Table 10) and no statistical significance with a p-value of 0.8544 for
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E.coli counts (Table 11). Date was used as a repeated measure with each pond as
a separate block and input/output as a treatment. Five of the different interactions
tested showed significance (Table 12). Date*pH*specific conductivity
*water/sediment *input/output (pond) was significant with a p-value of 0.0084.
Date*specific conductivity *water/sediment*input/output (pond) was significant
with a p-value of 0.0065. Specific conductivity*water/sediment*input/output
(pond) was significant with a p-value of 0.0053. Also, pH*specific
conductivity*water/sediment*input/output (pond) had a p-value of 0.0077. Finally
pH*water temperature*DO*specific conductivity*water/sediment had a p-value
of 0.0126. The following variables all had significance with different interactions
with each other: pH, inputs/outputs (pond), water/sediment, dissolved oxygen and
specific conductivity.
The Pearson correlation for the five variables calculated a mean and
standard deviation for each variable (Table 13). The five variables were water
temperature, dissolved oxygen, rainfall, pH and specific conductivity (Table 14).
There was a significant correlation between water temperature and rainfall, water
temperature and pH, and water temperature and specific conductivity.
Additionally there was a significant correlation between dissolved oxygen and
pH, rain and specific conductivity, pH and specific conductivity. There was no
significance found for date, date*pond, date*input/out (pond), or water/sediment.
Specific conductivity and pH also had significant correlations. The significant
interactions from the pond were then graphed to show where the biggest changes
were. Mean total bacterial counts from water and sediment samples combined
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were higher from the Settling pond output (pH 6.4-6.9) and the Settling pond and
Beaver pond inputs (pH 7.0-7.49) than mean counts from all other inputs and
outputs in other ponds at all pH values; these differences may explain why there
was significance in the MANOVA (Fig. 18). For the specific
conductivity*input/output (pond) interaction, mean total bacterial counts from
water and sediment samples combined were high in the 0.50-0.99 S/cm specific
conductivity range for all inputs and outputs at all ponds except Beaver pond.
Mean counts from Beaver pond inputs and outputs were highest at higher specific
conductivities (2.00-2.49 S/cm and 1.00-1.99 S/cm for input and output,
respectively) (Fig. 19). The pH and water/sediment (pond) interactions were
different for water compared to sediment but otherwise the counts are not that
different (Fig. 20). For the specific conductivity*water/sediment (pond)
interaction, the specific conductivity range of 2.50-2.99 S/cm was the only range
with no bacteria in sediment samples, which may explain the statistical
significance in the MANOVA (Fig. 21).
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TABLE 3. Chemical factor means for retention pond inputs and outputs. All
measurements taken with the YSI 556 MPS multi-parameter water quality probe.
Dissolved Oxygen (mg/L)
Apr-13
CSP
Input
1.10
Output
1.10
CP
Inputs
1.10
Outputs
1.00
BP
Inputs
1.10
Outputs
0.95
Specific Conductivity mS/cm
Apr-13
CSP
Inputs
1.30
Outputs
1.30
CP
Inputs
0.78
Outputs
0.80
BP
Inputs
2.60
Outputs
0.78
Water Temp °C
Apr-13
CSP
Inputs
8.70
Outputs
8.50
CP
Inputs
8.65
Outputs
9.00
BP
Inputs
8.10
Outputs
7.65
pH
Apr-13
CSP
Inputs
6.90
Outputs
6.80
CP
Inputs
7.20
Outputs
7.15
BP
Inputs
6.90
Outputs
7.17

Jun-13
9.50
13.70
11.88
14.05
13.60
11.95

Aug-13
9.93
7.79
1.13
10.63
9.46
9.55

Oct-13
9.01
10.25
0.00
9.85
10.00
11.13

Dec-13
16.00
13.00
0.00
12.80
12.50
25.00

Apr-14
14.50
14.40
8.65
13.65
14.30
11.74

Jun-13
0.59
0.52
0.49
0.96
2.10
1.36

Aug-13
0.80
0.79
0.83
0.81
2.15
1.43

Oct-13
0.96
0.96
0.86
1.07
1.28
1.18

Dec-13
0.82
0.80
1.22
1.47
0.90
0.91

Apr-14
1.40
1.40
1.13
1.10
3.40
2.10

Jun-13
19.00
17.00
18.00
14.50
13.00
18.50

Aug-13
6.00
20.00
22.00
18.50
15.00
20.50

Oct-13
12.20
11.80
12.05
11.15
11.90
12.05

Dec-13
5.50
6.00
4.68
6.20
5.00
5.65

Apr-14
10.80
11.10
9.21
9.70
9.20
10.75

Jun-13
7.30
6.95
7.15
7.30
7.10
7.25

Aug-13
7.20
9.30
9.57
9.46
8.43
8.59

Oct-13
8.50
8.60
7.84
7.85
7.22
8.05

Dec-13
6.80
7.20
7.65
7.40
7.50
7.55

Apr-14
6.90
6.80
7.20
7.15
6.90
7.17
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TABLE 4. BiOLOG Gen III™ species IDs (water). Species ID based on most abundant
from colony morphology analysis for cultured bacteria on R2A agar plates.
Sites Apr-13
Jun-13
CSPI Conchiformibius **Bacillus
steedae
amyloiquefaciens

Aug-13
Oct-13
Bacillus
**Providencia
cereus/thuringien stuartii
sis, Rosemonas
gilardii ss gilardii
CSPO **Pseudomonas **Flavobacterium No ID
**Bacillus
synxantha
amyloliquefaciens
Acinetobacter
CPI Aeromonas
**Flavimonas
**Pseudomonas
enteropelogenes oryzhibatians,
radioresistens,
fluorescens,
DNA 13,
**Arthrobacter
Stentrophomonas **Shewanella
Enterococcus
globiformis,
maltophilia,
algae,
raffinosus,
Microbacterium
Pseudomonas
**Bacillus
taetrolens
Conchiformibius testaceum
amyloliquefaciens
steedae,
Arthrobacter ilicis
CPO **Pseudomonas Acinetobacter
**Flavimonas **Bacillus
fluorescens,
schindleri,
oryzihabitans, amyloliquefaciens,
**Arthrobacter
**Flavimonas
Micrococcus
Enterobacter
globiformis, m
diversus,
aerogenes
oryzihabitans
phocae
**Pseudomonas
syringae pv
atrofaciens,
Comamonas
kerstersii
Serratia
BPI **Shewanella
**Flavimonas
Enterobacter
marcescens ss
algae
oryzihabtians
gergoviae
marcescens,
Cloacibacterium
mormanense
Curtobacterium Burkholderia
BPO **Bacillus
**Flavimonas
citreum,
graminis,
amyloliquefacien oryzhibatians,
**Flavobacteriu Enterobacter
s, **Providencia **Pseudomonas
syringae pv pisi, m johnsoniae
stuartii, Vibrio
gergoviae
Roseomonas
furnissii
genomospecies 4

**-Appears in water and sediment
Bold -appears in more than one pond
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Dec-13
Haemophilus
haemolyticus

Apr-14
No ID

Moraxella
No ID
lincolnii
Curtobacterium Lactobacillus
flaccumfaciens, acidophilus,
Vibrio
Grimontia
mediterranei,
hollisae,
**Cupriavidus
Cupriavidus
pauculus,
campinensis,
Listeria ivanovii ss Collimonas
ivanovii
fungivorans,
Lactobacillus
Cupriavidus
gasseri,
necator,
Rothia amarae

Tsukamurella
inchonensis

Bordetella
holmesii

Curtobacterium
flaccumfaciens,
Rhizobium vitis
(bv 3)

Cupriavidus
necator,
Rhizobium
vitis (bv3)

TABLE 5. BiOLOG GEN III™ species IDs (sediment). Species ID based on most
abundant from colony morphology analysis for cultured bacteria on R2A agar plates.
Sites
CSPI

CSPO

CPI

Apr-13
Rhizobium
rhizogenes

Spingomonas
paucimobilis B,
Pseudomonas
carcapapayae
Lysinibacillus
sphaericus,
Ochrobactrum
grignonense,
Bacillus
pseudomycoides,
**Janthinobacte
rium lividum
(26c),
**Flavobacteriu
m johnsoniae,
Exiguobacterium
undae

Jun-13
Chromobacteriu
m violaceum,
**Pseudomona
s syringae pv
primulae
No ID

Aug-13
Burkholderia
andropogonis

Oct-13
Vibrio
natriegens

Dec-13
Bacillus
horikoshi
i

Apr-14
**Arthrobacte
r globiformis

Roseomonas
gilardii ss
gilardii

**Bacillus
amyloliquefa
ciens

Bacillus
maroccan
us

Bacillus
pseudomycoi
des

**Pantoea
agglomerans
bgp 6,
Pantoea
dispersa,
Cellulomonas
flavigena,
Xanthomonas
campestris pv
pelargonii

Cloacibacteriu
m
normanense,
Burkholdia
andropogonis
,
**Flavimonas
oryzihabitans
**Bacillus
amyloiquefac
iens, Bacillus
maroccanus,
Brevibacteriu
m
frigoritolerans
, Burkholderia
caryophylli
**Pseudomon
as
fluorescens,
Cloacibacteriu
m
normanense,A
eromonas
caviae DNA
Group 4
Bacillus
psychronduran
s
**Pseudomon
as synxantha,
Nocardia
transvalensis,
**Flavimonas
oryzihabitans

**Bacillus
amyloliquefa
ciens,
Ochcobactrum
grignonense,
**Providencia
stuartii

Bacillus
humi,
Paenibacil
lus larvae,
Bacillus
cereus/thu
ringiensis,
Bacillus
horikoshi
i

Burkholderia
pyrrocinia,
Aeromonas
echeleia,
Cupriavidus
nectaor,
Neisseria
elongata ss
elongata,

Gemella
sanguinis,
Vibrio
natriegens

**Bacillu
s
amyloliq
uefaciens,
Staphyloc
occus
vitulinus

No ID

Serratia
liquefaciens/gr
imesii
**Enterobacte
r aerogenes

**Cupriav
idus
pauculus
No ID

**Shewanella
algae

CPO

**Pseudomonas
synxantha,
Xanthomonas
campestris pv
dieffenbachiae

**Flavimonas
oryzihabitans

BPI

Pseudomonas
corrugata

**Flavimonas
oryzihabitans

BPO

**Janthinobacte
rium lividum
(36c),
Brevibacillus
choshinensis,
**Bacillus
amyloliquefacie
ns

**Flavimonas
oryzihabitans,
Pseudomonas

**-Appears in water and sediment
Bold -appears in more than one pond
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Bacillus
pseudomycoi
des,
Cupriavidus
necator

TABLE 6. Principal Component Analysis of variance extracted (water).
Average of three 4x8 carbon usage patterns by site and date.

Axis

Eigenvalue

% of
Variance

1
2

9.191
5.450

29.649
17.579

Cumulative
% of
Variance
29.649
47.228

Brokenstick
Eigenvalue
4.027
3.027

TABLE 7. Principal Component Analysis of variance extracted (sediment). Average
of three 4x8 carbon usage patterns by site and date.

Axis

Eigenvalue

% of
Variance

1
2

6.966
5.105

22.470
16.467

Cumulative
% of
Variance
22.470
38.936
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Brokenstick
Eigenvalue
4.027
3.027

TABLE 8. Partial Correlation coefficients (comparing counts). Counts that had
significant correlations to each other are in orange.

DF = 22

Aerobic

Coliform

E.coli

Aerobic

1.0000

-0.022608
p-value= 0.9184
1.0000

0.149045
p-value = 0.4973
0.690895
p-value =*0.0003
1.0000

Coliform
E.coli

TABLE 9. Repeated measures MANOVA (aerobic counts)
Source

Model
Error
Corrected
Total

Degrees
of
Freedom
97
22
119

Sum of
Squares

Mean Square

F Value

Pr > F

3.2231625E16
5.4831926E14
3.2779944E16

3.3228479E14
2.4923603E13

13.33

<0.0001

TABLE 10. Repeated measures MANOVA (coliform counts)
Source

Model
Error
Corrected
Total

Degrees
of
Freedom
97
22
119

Sum of
Squares

Mean Square

F value

Pr > F

1.9068506E16
6.7382556E14
1.9742332E16

1.9658254E14
3.0628435E13

6.42

<0.0001

TABLE 11. Repeated measures MANOVA (E.coli counts)
Source

Model
Error
Corrected
Total

Degrees
of
Freedom
97
22
119

Sum of
Squares

Mean Square

F value

Pr > F

168824013529
52733037284
221557050813

1740453747.7
2396956240.2

0.73

0.8544
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TABLE 12. MANOVA tests showing significance for different interactions.
Null
Hypothesis

Statistic

NoDate*p
H*SpC*
WatSed*I
nOut(Pon
d) Effect
Value

F-Value

0.6344210
3
No
Date*SpC
*WaterSe
d*InOut
(Pond)
Effect
Value

6.05

0.6190833
2
No
Overall
SpC*Wat
erSed*In
Out(Pond)
Effect
Value

6.46

0.5367823
7
No
Overall
pH*SpC*
WatSed*I
nOut(Pon
d) Effect
Value

5.75

5.26

Statistic

0.5587541
0
No
Overall
pH*Water
Temp*DO
*SpC*Wa
tSed
Effect
Value

Wilk’s
Lambda

0.5889344
7

4.65

Wilk’s
Lambda
Null
Hypothesis

Statistic
Wilk’s
Lambda
Null
Hypothesis

Statistic
Wilk’s
Lambda
Null
Hypothesis

Statistic
Wilk’s
Lambda
Null
Hypothesis

F-Value

F-Value

F-Value

F-Value

Number
DF
2

Den DF

Pr > F

21

0.0084

Number
DF
2

Den DF

Pr > F

21

0.0065

Number
DF
3

Den DF

Pr > F

20

0.0053

Number
DF
3

Den DF

Pr > F

20

0.0077

Number
DF
3

Den DF

Pr > F

20

0.0126
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TABLE 13. Statistics from Pearson correlation (five variables)
Variable

N

Mean

Standard

Sum

Minimum

Maximum

Deviation
Water
Temperature
Dissolved
Oxygen
Month-ToDate Rainfall

132

12.09136

5.40354

1596

2.80000

25.00000

132

10.39545

5.19802

1372

0.90000

25.00000

132

2.01333

1.17808

265.76000

0.30000

4.19000

pH
Specific
Conductivity

110
130

7.76818
1.10585

0.92471
0.53877

854.50000
143.76000

6.400000
0.01000

10.10000
3.40000

TABLE 14. Pearson correlation coefficients (five variables). Chemical factors that
showed significant correlations are in orange.

Water
Temperature
Dissolved
Oxygen
MTD
Rainfall
pH

Water
Temp.
1.00000

Dissolved
Oxygen
0.07010
0.4245
1.00000

MTD
Rainfall
0.30129
0.0004
0.12177
0.1643
1.00000

Specific
Conductivity
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pH
0.48320
<.0001
-0.22022
0.0208
-0.03298
0.6837
1.00000

Specific
Conductivity
-0.16590
0.0593
-0.02661
0.7638
0.31774
0.0002
-0.20044
0.0358
1.00000

Water

Sediment

FIG. 5. Aerobic bacterial counts. Each graph is separated by pond (CSP/Blue,
CP/Green and BP/Orange). Counts are separated by input (solid bars) and output
(diagonal stripe). Note differences in the y-axis between water and sediment. Mean
counts for water on left. Mean counts for sediment on right.
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Water

Sediment

FIG. 6. Coliform bacterial counts. Each graph is separated by pond (CSP/Blue,
CP/Green and BP/Orange). Counts are separated by input (solid bars) and output
(diagonal stripe). Note differences in the y-axis between water and sediment. Mean
counts for water on left. Mean counts for sediment on right.
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Water

Sediment

FIG. 7. E.coli bacterial counts. Each graph is separated by pond (CSP/Blue, CP/Green
and BP/Orange). Counts are separated by input (solid bars) and output (diagonal stripe).
Note differences in the y-axis between water and sediment. Mean counts for water on
left. Mean counts for sediment on right.
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Water

Sediment

FIG. 8. Shannon Weiner diversity index. Diversity calculated from number of
different colony morphologies along with the number within each morphology from
composite samples of the five replicates from each site. Only ponds with multiple inputs
and outputs have error bars. Each graph is separated by pond (CSP/Blue, CP/Green and
BP/Orange). Counts are separated by pond and by input (solid bars) and output (diagonal
stripe). Mean counts for water on left. Mean counts for sediment on right. Note
differences in the y-axis between water and sediment.
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FIG. 9. pH of the retention pond inputs and outputs. Each graph is separated by
pond (CSP/Blue, CP/Green and BP/Orange) and by input (solid bars) and output
(diagonal stripe). Only ponds with multiple inputs and outputs have error bars.
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FIG. 10. Water temperature of the retention pond inputs and outputs. Each graph is
separated by pond (CSP/Blue, CP/Green and BP/Orange) and by input (solid bars) and
output (diagonal stripe). Only ponds with multiple inputs and outputs have error bars.
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FIG. 11. Dissolved oxygen content of the retention pond inputs and outputs. Each
graph is separated by pond (CSP/Blue, CP/Green and BP/Orange) and by input (solid
bars) and output (diagonal stripe). Only ponds with multiple inputs and outputs have error
bars.
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FIG. 12. Specific conductivity of the retention ponds inputs and outputs. Each
graph is separated by pond (CSP/Blue, CP/Green and BP/Orange) and by input (solid
bars) and output (diagonal stripe). Only ponds with multiple inputs and outputs have error
bars.
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Water

Sediment

FIG. 13. BiOLOG EcoPlate™ for total carbon usage for retention pond inputs and
outputs. Each graph is separated by pond (CSP/Blue, CP/Green and BP/Orange) and by
input (solid bars) and output (diagonal stripe). Only ponds with multiple inputs and
outputs have error bars. Carbon usage based on the average of the three panels for total
positive wells of the 30 carbons.
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FIG. 14. Principal component analysis of BiOLOG EcoPlate™ patterns from
retention pond inputs and outputs from water. PCA data was calculated from patterns
on BiOLOG EcoPlates™. Axis 1 accounted for 29.6% of total variability and was mainly
associated with seasonal trends, which was represented by the three circles. Axis 2
accounted for 17.6% total variability and was associated with carbon source type, which
was represented by the tinted oval on the graph. Both axes had Eigenvalues that were
larger than the Broken-stick eigenvalue and were statistically significant. This indicates a
non-random trend.
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FIG. 15. Bray Curtis dendogram from BiOLOG EcoPlate™ pattern analysis from
retention pond inputs and outputs from sediment. The yellow group of dates/sites
corresponds to the right cluster on the PCA graph. The blue grouping corresponds to the
left cluster and the bottom grouping of nodes corresponds to the bottom cluster on the
PCA graph (Fig. 14).
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FIG. 16. Principal component analysis of BiOLOG EcoPlate™ patterns from
retention pond inputs and outputs from sediment. PCA data was calculated from
patterns on BiOLOG EcoPlates™. Axis 1 accounted for 22.5% of total variability and was
mainly associated with seasonal trends, which was represented by the bottom oval. Axis
2 accounted for 16.5% of total variability and was mainly associated with average
number of carbons used, which was represented by the top oval. Carbons were not
associated with either axes but were shown on the graph in the tinted circle. Both axes
had Eigenvalues that were larger than the Broken-stick eigenvalue and were statistically
significant. This indicates a non-random trend.
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FIG. 17. Bray Curtis dendogram from BiOLOG EcoPlate™ pattern analysis from
retention pond inputs and outputs from sediment. The blue group of dates/sites
corresponds to the bottom cluster on the PCA graph. The purple dates/sites highlighted
corresponds to the top cluster on the PCA graph (Fig. 16).
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FIG. 18. pH*Input/Output (Pond) interactions from the repeated measures
MANOVA. Counts include a mean of aerobes, coliforms and E.coli. Each graph is
separated by pond (CSP/Blue, CP/Green and BP/Orange) and by input (solid bars) and
output (diagonal stripe).
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FIG. 19. Specific Conductivity*Input/Output (Pond) interactions from the
repeated measures MANOVA. Counts include a mean of aerobes, coliforms and E.coli.
Each graph is separated by pond (CSP/Blue, CP/Green and BP/Orange) and by input
(solid bars) and output (diagonal stripe).
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FIG. 20. pH*Water/Sediment interactions from the repeated measures MANOVA.
Counts include a mean of aerobes, coliforms and E.coli. Counts are separated by water
and sediment. Note the means are in log-scale.
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FIG. 21. Specific Conductivity*Water/Sediment Interactions from the Repeated
Measures MANOVA. Counts include a mean of aerobes, coliforms and E.coli. Counts
are separated by water and sediment. Note the means are in log-scale.
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Water

Sediment

FIG. 22. Mean aerobic, coliform and E.coli counts of the retention pond inputs and
outputs over time. Each graph is separated by input (solid bars) and output (diagonal
stripe) with CSP in blue, CP in green and BP in orange. Water is the on the left and
sediment on the right. Note differences in the y-axis between water and sediment.
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Water Temperature

Dissolved Oxygen

pH

Specific Conductivity

FIG. 23. Mean counts of chemical factors of the retention pond inputs and outputs
over time. Each graph is separated by input (solid bars) and output (diagonal stripe) with
CSP in blue, CP in green and BP in orange. Factors include water temperature, dissolved
oxygen, pH and specific conductivity.
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Discussion
Results from this study indicate that chemical and physical factors play a
role in the diversity of bacterial populations in the retention ponds. Bacteria are
important to the biogeochemical cycle and also to these retention ponds. They
alter chemical and physical factors and pollutants in the water and environment. It
is important to realize physical and chemical factors may be driving the bacteria
diversity and abundance or the reverse is also true.
The aerobic water counts were highest in June, August and October (Fig.
5), which were expected as 1.20 inches of rain fell the night prior to sampling.
That much rain could cause more runoff, which could bring more bacteria to the
retention ponds. Low aerobic counts would be expected in April and December
because nutrients would be lowest in the spring/winter and highest in the summer
(Fig. 5). April to June shifts may be due to rainfall amounts. Since water was
flowing, there would have been more bacteria present in June. There were
drought-like conditions in August and many of the sites were completely dry.
Additionally the Café pond had a lot of Lemna and cyanobacteria floating on the
surface, which may have been the result of eutrophication. This could have caused
counts to decrease from June because they may have depleted nutrients and
dissolved oxygen. The shift from June to August can also be explained by the
increase in pH in the ponds during that time or the dissolved oxygen levels
decreasing. The Café Settling pond counts at outputs were higher than input and
indicates that the bacteria may be moving across the pond to the output (Fig. 5).
The Café Settling pond output spillway connects into the Café pond input pipe.
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The numbers were higher at the Café Settling pond output and lower at the Café
pond input. When there are increases in the Café Settling pond output there
should be the same increases in the Café pond inputs. This appeared to be the case
for aerobic counts for some of the months, but more testing would need to be
done. There were clear increases in counts in the spring-summer and decreases in
the fall-winter. Number fluctuations could be a result of a variety of chemical
factors or the presence of the Lemna and cyanobacteria. Counts were two orders
of magnitude higher on in sediment but the numbers within sediment did not
change that much. Water had bigger fluctuations in counts over time than
sediment (Fig. 5).
Aerobic counts were higher in sediment than water but that does not mean
it was due to settling, as numbers should be higher in sediment. Trends were
similar to water for counts. Highest counts were also over the summer months.
These changes may be due to the pH and dissolved oxygen levels in the ponds.
The lowest counts in sediment for December were expected since there were
issues sampling at certain sites due to ice (Fig. 5). The aerobic counts shifted from
April 2013 to June on all ponds and could be explained by more wind and rain
occurring over spring into summer, which may remix the sediment into the water.
Higher counts across the ponds for August could be attributed to settling of
bacteria after it traveled across the ponds. Lower counts from June to August may
have been due to a buildup of dead and decaying material on the ponds. Oxygen
would have been reduced as the algal blooms overtook the ponds. Nutrients may
dissolve more readily when bound to finer particles thank coarser particles. These
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coarse particles can then settle and increase the counts in sediment (72). Wind in
June would initially have moved bacteria from input to output pipes, and more
settling may have occurred in August when winds were low and it was more
drought-like. Another possibility is that the retention ponds were doing what they
are supposed to do and that the bacteria was higher in sediment compared to water
because they were settling out of the water in the pond and increasing water
quality. A possible source of error may have come from the dilutions performed
on samples in the lab. Undiluted samples can have high levels of indicator
organisms which are too high to be estimated (31). Since there are wide
fluctuations between counts, the samples taken for the purpose of this study
needed different dilutions each sampling period. A standard dilution would have
been difficult and could not be used. Other error sources could have been due to
sampling during an abnormal rain or weather event that might have artificially
raised or lowered the true counts of bacteria on the ponds.
Coliform counts behaved differently than aerobic counts. Coliform water
counts spiked in June and dropped in August for the Café Settling pond and
Beaver pond and was likely the result of the increase in pH (Fig. 6). An increase
in pH would have made the environment more alkaline. Coliforms perform better
in acidic environments so the numbers would have decreased. Rain may have
brought more bacteria via runoff since so much rain fell in such a short period of
time. There would not have been enough time for bacteria to settle out or attach to
particles before being washed into the retention ponds. Under conditions of high
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runoff infiltration, bacteria does not have time to degrade pollutants but in dry
periods between events, bacteria can degrade pollutants (33).
The Café Settling and Beaver ponds had higher numbers for June while
the Café pond did not, which may be due to cyanobacteria and Lemna entering the
pond (Fig. 6). Initially the system would have more nutrients but over time
nutrients would be depleted. The cyanobacteria and Lemna were gone by October
and numbers spiked up again. Counts over time in water appear to have similar
trends and were not very different between input and output. Figure 6 has a solid
line that has been added to indicate the relative positions of the data bars with
respect to the EPA recommended water quality standard (73,74). It is important to
note that the EPA standard is based on 200mL while counts for this study were
based on 2mL. The solid red line has been placed after converting the 200/100mL
to 2.00/1mL. This EPA standard was used as a comparison for the ponds. While
numbers present were above the 200/100mL EPA standard for a 30-day sampling,
this was not equivalent to the samples used since counts were based on a single
sample event every other month and were done from dilutions in the lab.
Coliform counts were two orders of magnitude higher than water. Other
studies say that it may be due to the presence of soluble organics which results in
higher heterotrophic activity (16,51). Coliform sediment counts were highest in
June when nutrients were high. It is possible that the counts were highest in June
when pH was lower and more acidic. Sediment counts dropped in August across
the ponds and this would correspond to the lack of nutrients due to the overgrowth
of Lemna and cyanobacteria. Additionally the pH shift could also have caused the
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coliform counts to decrease. Counts appear to be similar over time with the
exception of June. Counts also showed similar trends between input and output in
sediment. There were coliforms present in December on all three ponds but the
water samples had either no or low counts. This could be due to the fact that the
pond was frozen over the entire winter so coliforms either died off or settled out
into the sediment.
The E.coli water counts were high in the summer months (June, August
and October) like aerobic counts (Fig. 7). This may have been a result of excess
water flow through the spring and summer months. There were no E.coli present
in the samples in December with the exception of the Café pond inputs would not
have been expected to survive in the water. These results agree with a study by
Schnabel who states that cooler temperatures alone do not impart any long-term
winter survivability on E.coli (59). Figure 7 has a solid line that has been added to
indicate the relative positions of the data bars with respect to the EPA
recommended water quality standard. It is important to note that the EPA standard
is based on 100mL while counts for this study were based on 1mL. The solid red
line has been placed after converting the 126/100mL to 1.26/1mL. This EPA
standard was used as a comparison for the ponds. This was done in a similar study
by Sawyer in 2008 (22). While numbers present were above the 126/100mL EPA
standard for a 30-day sampling, this was not equivalent to the samples used. An
EPA standard of 230-575/100mL is used for a single sample (58). Counts were
still higher than the single sample EPA standard. There were no counts for E.coli
for inputs on the Café settling pond. This may indicate that they were entering at
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the Café settling pond output site but more testing would be needed. The Café and
Beaver ponds had spikes in June and could have been the result of wind and rain
conditions that caused a remixing of E.coli that had persisted in sediment. This
also could be attributed to the water temperature being warmer and closer to the
optimal growing temperature for E.coli.
The E.coli sediment counts were two orders of magnitude higher than in
water. The counts had more fluctuation than water counts and also were different
between input and output. Counts increased in June and could be attributed to
more settling and nutrients available (Fig. 7). The E.coli spike in October at the
Café Settling pond output might have been the result of settling over time or due
to being introduced to the pond at that site. It has been suggested in a study by
Cervantes that variations in E.coli over winter may be due to less predation by
stream prokaryotes and then a reservoir of bacteria that have a slower metabolism
that can survive winter (14). More testing would be needed in order to determine
where the E.coli found originated from and the reason they are persisting.
The drops in aerobic, E.coli and coliform counts in August are most likely
attributed to the shifts in pH and dissolved oxygen for the ponds. Additionally the
decrease in counts might not have been as large if there was not as much rain in
June. The combination of the rain in June and the dry August may have inflated
all of the counts for that time period. E.coli and aerobic counts were higher in
sediment than in water overall. But only aerobic and coliform counts had
statistical significance in the MANOVA that was performed. This could be result
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of not getting sediment samples that were deep enough or of the differences
between water and sediment.
The Shannon Weiner (SW) diversity index is based off the colony
morphology and can be an indication of how rich and diverse the retention ponds
are. Values can range from 0 (no diversity) to 4 (maximum diversity). This index
is limited by the nutrient agar used. About 99% of bacteria are not being cultured
so the diversity is only based on the species present. Genetic testing might not
show the same patterns. For this study and based on what was able to be cultured,
the genetic testing seems to match up well with the colony morphology and SW
index. Shannon Weiner (SW) diversity index for water varied from 0.63 to 2.5
depending on the site and sampling period (Fig. 8). Café Settling pond and Beaver
pond had the lowest diversity in December at 0.63. Diversity appears to have an
inverse relationship to specific conductivity. Functional diversity is strongly
influenced by temperature and salinity (56). The changes in pH, temperature and
specific conductivity play a part in how diverse the ponds are.
The SW diversity index values for sediment varied from 0.41 to 2.4 (Fig.
8). The lower diversity in April 2014 is inversely related to the specific
conductivity of the ponds being higher. When there is more salt in the water,
conductivity is higher and diversity lower. Higher conductivity in April 2014
could be the result of melting snow and salts in the snow from cars and the roads.
Shannon Weiner diversity index values typically fall between 1.5 and 3.5 (38).
Ecosystems with higher diversity values and greater evenness are generally
considered to be more highly functioning (67). The diversity index numbers
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assume that all species are represented in the sample. Due to time constraints,
colony morphology was done but depending on growth, no longer than 30
minutes was spent on a single plate. Additionally only April 2013 had all colonies
categorized and that took over two weeks. The time limit was then put in place for
future samples. There is also a learning curve so that at the end of the study
morphology could be completed quicker and possibly with more accuracy than in
earlier months. That may have been a source of error in the diversity numbers
used.
The optimal pH for natural waters is between 6.5-8.5 (10). It is defined as
the measure of acidity in a solution or the logarithm of the reciprocal of activity of
free hydrogen ions. A one-unit change in pH corresponds to a ten-fold change in
activity of hydrogen ions. The pH was lower in June and may be related to
coliform counts being high in that month. Coliforms produce acid, as they are
fermenters so this may have caused the pH changes in the pond. Corresponding
decomposition may cause greater quantities of organic acid in the system, which
could reduce the pH (62). High pH levels may occur when there is a lot of algae
or aquatic vegetation present (13). The pH across all ponds was highest in August
and was expected because of the cyanobacteria and Lemna that were covering the
ponds (Fig. 9). This shift in pH did affect the counts, especially for coliforms.
Coliforms counts decreased as pH increased and became more alkaline. Nutrients
can cause algal blooms that may overwhelm plant life, reduce dissolved oxygen
concentration and block sunlight penetration of water (72). The pH determines the
solubility of the water and the availability of chemicals in the water. Levels of pH
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may be highest when photosynthesis is at a maximum because it uses up the
hydrogen ions and causes pH to increase (48). The pH was roughly around 6-7 in
the other months. The greatest differences in pH were in June on the CSP and BP
(Fig. 9). These differences in pH may be attributed to organic matter build-up in
sediments. Additionally, sediment buildup will increase turbidity and smother
bottom dwelling plants and animals (27). Decreases in the quality of surface water
in Governors State University retention ponds may also decrease the ability to
support plant and animal life near these ponds.
Water temperature is the key environmental factor affecting freshwater
organisms (10,63). It can be hard to separate the effect of temperature and other
factors like dissolved oxygen because they go hand in hand with seasonal
changes. Temperature on the ponds was lowest in December and highest in
August, which was expected due to the air temperatures during those sampling
periods (Fig. 10). Water temperature was likely being driven by rainfall over the
course of the study. Generally speaking, bacteria survives longer at lower
temperatures (63).
Dissolved oxygen is the volume of oxygen in the water (21). Oxygen
dissolves better in water at lower temperatures. As temperature increases, the
amount of oxygen that water can hold decreases. Dissolved oxygen levels on the
Café Settling pond with the exception of April 2013, were highest in December
when the water temperature was lowest which was expected (Fig. 11). The Café
pond had unexpected results because the levels should have been highest in
December but they were highest in June at the outputs. This may have been due to
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the fact that it was very windy on sampling day and there had been a lot of rain
the previous night. When the air meets the water, more oxygen will be dissolved
into the water when there is more air present. On windy days there is more surface
area for more diffusion to occur (48). It is more likely that it was due to the arrival
of the cyanobacteria and Lemna. When they first arrive they will bring an influx
of nutrients to the system but by August, their growth would outcompete the
nutrients present. Based on the shift from June to August this appears to be the
reason for the DO shifts on that pond. The Beaver pond’s December output had
the highest dissolved oxygen level, which corresponded to water temperature.
August was lower as expected. The ponds lowest dissolved oxygen levels were in
April 2013 but it was expected that they would be the second highest levels. This
may have been the result of an error in sampling or calibration since these levels
occurred at all three ponds. Another reason the levels might have been so low
could have been due to time of sampling. Oxygen is only produced when
photosynthesis is occurring during times when sunlight is present. Respiration and
decomposition occur all day and night. Dissolved oxygen would be at the lowest
levels in the early dawn (48). It is important to note that all samples were taken
from the shore. These concentrations can be radically different depending on the
depth and distance samples are taken from shore (48).
Specific conductance is a measure of the water’s ability to conduct
electricity (19). High specific conductance means there are high dissolved-solids
and salt concentrations in the water. Specific conductivity is temperature
dependent. When the temperature increases, the conductivity will also increase.
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The highest conductivity was on Beaver pond overall (Fig. 12). Higher
conductivity on the Beaver pond may be attributed to parking lot runoff. This is
the only pond to receive runoff from the campus parking lots. Numbers should
have been higher in the spring when melting snows would bring salt from cars
and parking lot runoff to the pond. The water temperatures were warmer in June
and August so it was expected that the specific conductivity would be highest in
these months on all of the ponds but that was not the case. There were similar
trends between input and output for each pond. The samples for all months on the
Beaver pond exceeded the EPA standard for Illinois which is 1.7 mS/cm (34). A
solid line has been added to Figure 12 to indicate the relative positions of data
bars with respect to the EPA recommended standard for Illinois. While a
significant increase may indicate seasonal changes, it is more likely that the
increases observed are a result of the runoff and snow melting into the ponds. A
possible source of error may be due to instrument error for the sampling done in
April 2013. The YSI meter used that month may not have given accurate readings
of what was in the pond. A different YSI meter was used for all the other
sampling times.
BiOLOG™ Ecoplates were used to analyze the carbon utilization patterns
of the samples from the water and sediment. BiOLOG™ plates provide useful
information on the functional diversity of bacterial communities from soils and
sediments (56). Mean values for the three sets of replicates per plate were used in
analysis. Bacterial communities in water utilized the highest amount of
carbohydrates at sites in the summer months (Fig. 13). The lowest amount of
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carbohydrate usage was in the late summer/early fall months. Trends were similar
between input and output. Figure 13 shows PCA results that were obtained when
comparing all samples for water. Principal component 1 accounted for 29.6% of
total variability and was mainly associated with seasonal trends (Table 6). There
were three distinct clusters with June, August and April 2014 at one end of the
axis, August, Oct and December in the middle and April 2013 and August at the
other end (Fig. 14). Principal component 2 accounted for 17.6% of total
variability and was mainly associated with specific carbon sources, which are
indicated by number on the graph. Carbons grouped together by type with
carbohydrates at one end of the axis and amino acids at the other end. Axes 1 and
2 both had eigenvalues that were larger than the broken-stick eigenvalues, which
means both axes were significant and indicated a non-random trend. Hierarchal
clustering analysis was performed on the PCA data (Fig. 15). The clusters from
the PCA appeared as related groups on the Bray Curtis dendogram. The
dendogram shows that the first group in yellow corresponds to the right side of
the PCA graph, the blue group is the left side of the axis and the green group is
the bottom cluster on the PCA graph. This supports the idea of seasonal trends
from the PCA.
Bacterial communities in sediment utilized more carbon in April, October
and December (Fig. 16). The lowest carbon usage was in August for all the ponds.
Figure 21 shows the PCA results from sediment when comparing all sites.
Principal component 1 accounted for 22.5% of total variability and was mainly
associated with seasonal trends (Table 7). Principal component 2 accounted for
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16.5% of total variability and may have been associated with species present and
similarities between average numbers of carbon used within site. The cluster at
the top of the PCA graph shows the same sites but different months, which could
be related to the same pattern of carbon usage in both months. June, October and
December clustered together for the Café Settling pond and the Café pond. This
may also be associated with similar species between ponds for those months. But
it also corresponds to the carbon usage patterns in Figure 16. The same species
that were clustered together for the Café pond on Axis 2 also had very similar
carbon usage patterns between input and output for those months. Axis 2 shows
Beaver pond output for June at one end and then the June/December Café pond
input at the other end. Studies have shown that phylogenetic and functional
diversity can be uncoupled when algal blooms occur (56). This happened on the
Café pond and could explain why diversity was higher in August and then
dropped in October. Axes 1 and 2 both had eigenvalues that were larger than the
broken-stick eigenvalues, which means both axes were significant and indicated a
non-random trend. The clusters from the PCA appeared as related groups on the
Bray Curtis dendogram. The dendogram shows that the sites in purple on the BC
dendogram (Fig. 17) correspond to the top of the PCA graph (Fig. 16), the sites in
blue are represented on the graph as sites grouped at the bottom. This supports the
idea of seasonal trends from axis 1. It is important to note that using Biolog plates
for community level physiological profiling (CLPP) is not without its issues.
CLPP is biased towards fast-growing, easily cultured species (35). There is a wide
range of bacteria such as strict anaerobes which are not detected at all using the
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plates (15). Finally it is important to examine the pattern of carbon utilization, not
only the ones that are being used.
The Pearson correlation showed significance with many of the
independent variables in the study. It was expected that coliform and E.coli would
be correlated since E.coli is a type of fecal coliform (Table 8). Statistical analyses
showed that there were significant differences between aerobic and coliform
counts but not with E.coli counts (Tables 9,10,11). This means that E.coli counts
did not mimic the patterns of aerobic and coliform counts. Temperature, pH,
specific conductivity, dissolved oxygen and rainfall were also significantly
correlated (Table 14). Water temperature appears to be correlated to everything
else and when there are changes in water temperature there are changes in other
chemical parameters in the retention ponds. These results were expected since
changes in chemical factors often result in changes in other parameters. The five
interactions that showed significance all had specific conductivity and
water/sediment in common. The counts from water and sediment samples had two
orders of magnitude in difference. This may explain why there was significance in
the MANOVA. Mean total bacterial counts from water and sediment combined
was highest for the CSPI sites and could be explained by pH being in the optimal
range for growth (Fig. 18). Counts at this site were highest for aerobes and
coliforms. The highest specific conductivity was for the Beaver pond input (BPI)
in the 2.00-2.49 ranges (Fig. 19). This was likely the result of runoff from the
adjacent parking lot. The interaction graphs for water and sediment and pH and
specific conductivity were both similar in trends even though there were
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differences between water and sediment for both (Fig. 20,21). The differences
between water and sediment may have been why there was statistical significance
on the MANOVA.
In order to compare inputs and outputs, averages were also graphed from
data taken from over the course of the study for water and sediment separately.
Sediment counts were two orders of magnitude higher than water. Aerobic water
counts were higher at output for the CSP and CP (Fig. 22). Aerobic counts were
similar between water and sediment when looking at inputs compared to outputs.
If counts were higher at the input for water, the same was true for sediment.
Coliforms were higher at the output for the CP and BP for water. Counts were
similar between input and output for water. These counts were not similar to the
sediment counts. Beaver pond (BP) had higher amounts of fecal coliforms in
water. Fecal coliform averages were similar to a target study done by the EPA.
The study compared a constructed wetland and a retention pond for input and
output rates (63). Fecal indicators were added to the system to see how the two
different BMPs performed in treating the bacteria. The expected density after
loading at outputs for fecal coliforms was expected to be between 103-105 and for
E.coli to be 102-104 in water samples (63). Coliform counts in water were within
the expected range. While coliform counts in sediment were not a part of the
study, counts from this study were in the 107 ranges, which may indicate that the
retention ponds were working and that sedimentation was occurring. E.coli counts
in water were below or within the 102-104 ranges. All counts were higher than the
EPA standard for water. The standard was graphed according to 1L and not from
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100 mL of raw sample. E.coli water counts were higher at output for CSP and BP.
For sediment, only the CSP had higher counts at the output. All counts should be
higher at the input when runoff is first entering the pond and lower at output if the
retention ponds are doing their job. This was not always the case during the
course of this study. Other sources after the input pipes may have brought new
bacteria to the ponds. The paths around the ponds and between the input and
output pipes provide opportunity for bacteria to enter from areas other than the
input pipes. Pollutant removal in retention ponds can be the result of these factors;
algal blooms, elevation and size of retention pond (46). Aerobic counts were
lower on the Café pond, which is the largest of the three ponds and also had the
cyanobacteria and Lemna covering the surface. The algal bloom on this pond may
have contributed to the lower counts overall when compared the other ponds.
Additionally, the higher fecal indicators on the Café pond may have been the
result of the input pipes near the center of the pond. These pipes do not allow
entering water to be fully treated by the whole pond before moving to the output
pipes (46).
Chemical factors were also graphed separately for water and sediment
over the course of the study in order to look at inputs and outputs (Fig. 23). Water
temperature was very similar between input and output. Dissolved oxygen should
be at or above the range of 3.5-5.0 depending on time of year according to EPA
standards (74). Dissolved oxygen was higher than the accepted range. The Beaver
pond had the highest DO out of all three ponds. This could be attributed to the
dense vegetation surrounding the pond as well as lily pads that cover it in the
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spring and summer. The DO levels were highest on the Beaver pond at the
Waterfall Exit (WFE) site and can be explained by the fact that there is an actual
waterfall there and it may be increasing the aeration rate because of the water
flow from that pipe. The average of pH between inputs and outputs were all
within 7.3-7.8. This was much different than Figure 9, which showed the pH each
sampling period. This is well within the recommended EPA standard of 6.5-9.0
(74). Overall the pH of the pond appears to be fairly stable. Specific conductivity
was highest on the Beaver pond. This corresponds to the results of the ponds for
each sampling period. The Beaver pond output had the highest conductivity and
therefore the highest salinity. This could support the idea that salt from snow and
runoff is entering the ponds.
Stormwater and the water that receives this stormwater can have indicator
bacterial concentrations that greatly exceed current EPA water quality standards
(63). While it is assumed that temperature is the most important factor when it
pertains to indicator organisms, it has been found that it is the interaction between
the chemical, physical and biological systems as a whole play a large part
although temperature still plays an important role (63). This appears to be the case
with Governors State University ponds. Sunlight, sedimentation, filtration,
sorption and predation are some aspects that should be investigated when
planning future studies of the retention ponds. Vegetation around retention ponds
aid in pollutant uptake and will ultimately increase the organic content in the
ponds (46). Pond geometry, elevation and vegetation type and cover are all factors
that affect efficacy of retention ponds (46). Beaver pond has the most vegetation
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while the Café pond has algal blooms in the summer months. Elevation also plays
a role in the Café and Beaver ponds outputs. The outputs are a much lower
elevation than the inputs.
BMPs are essential in treating bacteria from runoff. BMPs use physical,
chemical and biological process to promote microbiological inactivation to reduce
pollutants and other stressors in effluent (63). Retention ponds are just one BMP
that is implemented to help control water quality. It is important that our retention
ponds are designed and maintained properly. According to EPA standards,
determining the dominant mechanism of pathogen removal would be an important
step in predicting trends in output concentrations in order to develop total
maximum daily loads (TMDLs) (63). The water quality in these retention ponds
impacts the surrounding watershed and ecosystem because of the wildlife that
utilize the pond. Pollutant removal efficiency for total suspended solids (TSS)
should be between 50-80% for retention ponds (33).
Other factors can also be removing pathogens from the water. These
include but are not limited to natural vegetation, turbidity and sedimentation.
More research would need to be completed in order to determine if pollution was
being removed between the inputs and outputs. Specifically studies looking at
carbon, nitrogen and phosphorus levels would be very beneficial. While this study
revealed there were seasonal shifts occurring, sampling only occurred every other
month and may not be indicative of the system as a whole. Bacterial source
tracking was not an aspect of this project but pathogenic vectors were observed on
numerous occasions. Animal tracks while samples were collected and deposited
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feces were observed. These ponds have paths and sometimes dogs and their
owners were encountered. These lend to strong visual evidence of wildlife, pet
and human sources near the retention ponds. Another potential pathogenic vector
could be attributed to the construction of the university, which began shortly after
sampling started.
This research is only the beginning of many more studies that should be
done. The retention ponds appear to be doing their job but more research is
needed. The weather patterns during the year of sampling may not have been
indicative of the weather in the area as a whole. This study while sizeable did not
cover all areas of research that could have been performed due to time and
money. Further research should be completed possibly using two watersheds.
Ideally one would have BMPs in place and the second watershed could be used as
a reference. The study did show that there was some significance but it appears
that the retention ponds are doing their jobs. More research also needs to be done
on Thorn Creek and any seeps or neighborhoods that feed into the creek.
Persistence of E.coli should also be examined in more detail to see if the bacteria
present are new or simply being resuspended. A longer study over more years on
these retention ponds could also prove beneficial. Additionally a study focusing
on molecular genetics-based techniques would be important to ensure that more
bacteria in the sample are being represented. Finally adding in carbon usage
patterns and types would be a good way to determine what bacteria are making up
the community or organisms on the retention ponds on campus. Thorn Creek is an
important watershed in Illinois. As such it is important that water quality of
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Governors State University retention ponds be maintained through the use of
BMPs because they are part of the watershed.
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Abstract
Retention ponds at Governors State University play important roles in
collecting and treating storm water before it enters Thorn Creek. Thorn Creek
Watershed is very important because its habitat is so diverse. The watershed is
home to many mammal species and 260 of the 308 bird species that are found in
Illinois. Water quality has been declining in Thorn Creek for the past several
decades due to the effects of land conversion. This land conversion has resulted in
increased stormwater runoff, which may have carried pollutants into the stream.
Various indicator bacteria are used to assess water quality degradation including:
total coliform, fecal coliform, Escherichia coli (E.coli) and enterococci. Studies of
factors affecting the survival of E.coli in natural waters are of great interest due to
the importance of these microorganisms as indicators of fecal pollution in natural
waters. The main objective of this study was to test the effect that temperature
manipulation had on the growth rates of Escherichia coli in water and sediment
from the retention ponds at Governors State University. Water and sediment
samples were collected from three different retention ponds on campus: Café
Pond, Café Settling Pond and Beaver Pond and were inoculated with Escherichia
coli that was grown in the lab. The samples were plated on 3M© Petrifilms and
counted to see the effect of temperature on the growth of E. coli over time when
added to samples from the retention ponds. It was hypothesized that different
temperatures would not have the same effect on the growth of Escherichia coli
over time. In sediment, E.coli appears to survive and as of Day 12 the bacteria
was still growing albeit slowly. E.coli in water appears to have declined to zero
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growth. It was concluded that temperature does appear to affect the growth of
E.coli but more research would be needed.
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Introduction
Microbes can be found in two states in streams: attached and unattached.
When microbes are able to float freely in water, predation, solar radiation and
other forms of deactivation result in observed exponential decay. When microbes
attach to sediment and other particles they can easily resuspend due to their small
size and can cause an increase in expected concentration of models (54). Various
indicator bacteria have been used to assess water quality degradation due to
pathogens including: total coliform, fecal coliform, Escherichia coli (E.coli) and
enterococci (31). Studies of factors affecting the survival of E.coli in natural
waters are of great interest due to the importance of these microorganisms as
indicators of fecal pollution in natural waters (69). The effectiveness of fecal
coliform as indicator organisms is confounded by evidence demonstrating that
they can survive for long periods and in some cases proliferate in surface waters
and sediments (59). When considering water quality, it would be inaccurate to
assume that Escherichia coli are no longer present since they can survive and
persist in extreme temperatures. Storm-water regulations now stipulate that
municipal developments must implement storm-water management strategies
using Best Management Practices (BMPs) (70). The EPA estimates that 40% of
assessed surface waters do not meet water quality standards due to high
concentrations of fecal indicator bacteria (42). Retention ponds at Governors State
University play important roles in collecting and treating storm water before it
enters Thorn Creek. Water quality has been declining in Thorn Creek for the past
several decades due to the effects of land conversion. This land conversion has
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resulted in increased stormwater runoff which may have carried pollutants into
the stream (64). In order to identify the most effective methods for meeting
regulations on water quality, we must first understand the life cycle and transport
dynamics of fecal coliform within waterways (59).
Indicator bacteria and Escherichia coli. —Escherichia coli is a gram-negative,
facultative anaerobic rod that does not form spores and has an optimum growth
temperature of 37°C (30). E.coli are commonly known as a commensal organism
of the lower intestine of animals (57). Since they are typically found in the gut
tract of humans, their presence in freshwater ecosystems could be an indication of
fecal contamination and the possible presence of more pathogenic
microorganisms. E.coli strains in water can originate from human and nonhuman
sources (41). Source determination might allow for proper risk assessment and
abatement procedures. New techniques suggest that elevated levels of E.coli in
water may not always indicate human-derived pathogens (41). Enteric bacteria
like E.coli, circulate between two habitats, primary and secondary. The GI tract is
considered to be the primary habitat while the secondary habitat is broadly
defined as the environment (water, sediment and soil) (66). Observations suggest
that adaptive evolution in the secondary habitat can substantially influence
population genetic structure of the E.coli species as a whole. It is estimated that
half of all living E.coli cells are presently outside of a host, which suggests the
secondary habitat may be larger than previously thought. Additionally, data from
multiple studies in both tropical and temperate regions suggest that this organism
can replicate and reach high densities under favorable conditions outside of
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mammalian hosts and in the absence of regular fecal input (66). The survival of
E.coli in a non-indigenous environment depends upon its ability to tolerate an
alien set of biological, physical and chemical conditions (25). A study on river
water samples done by Flint determined the major factors contributing to the
disappearance of E.coli in freshwater was not clear (25). He examined
temperature, competition for nutrients and possession of plasmids as factors that
might affect survival of E.coli. Several methods were used to attempt to track
potential sources of E.coli in the waterways. According to Ishii, certain methods
which include antibiotic resistance patterns, hybridization with restriction
fragments of 16s and 23 s rRNA genes and analysis of sequence variation all have
shown that elevated E.coli levels do not necessarily derive from strictly human or
warm-blooded pathogens (36). E.coli might have a shorter lifespan than
Salmonella or other species (11). Recent studies have shown that soil-borne E.coli
can grow when certain nutrients are also present (36). This presents a unique
problem because E.coli might not be as much of an indication of water pollution
as originally thought. This suggests that E.coli inhabits more than just the
intestinal tracts of warm-blooded animals and may not be the best indicator for
water quality without looking at a variety of other factors.
Ishii’s study examined a Lake Superior watershed and three different soils
to determine the genetic relatedness of E.coli found there (36). The study looked
at problems that can arise from using E.coli exclusively as an indicator organism.
E.coli counts were elevated after tidal events suggesting that bacteria could grow
in riverbank soils and move back into water via erosion. E.coli was exposed to
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temperature extremes of repetitive freeze-thaw cycles. Another objective of this
study was to examine the persistence and survival of E.coli populations to
determine if the populations multiplied actively in the soils examined (36). Ishii
found that E.coli numbers were greater in summer and fall and lower in spring
and winter. Isolates that had a genetic similarity value of greater than 92% were
defined as the same strain (36). When HFERP (Horizontal, fluorophore-enhanced,
repetitive PCR) fingerprinting was done, the same strains were isolated over time
and the fingerprints from these strains were not similar to E.coli strains from
known sources (36). After examining relatedness with MANOVA, the study
revealed that strains from each site were clustered together (36). This showed a
different strain than those in local animals’ feces. Interestingly, E.coli strains in
soil differed than those from water. The strains in water were genetically more
diverse than soil samples. The soil samples had E.coli strains that were 92 to
100% similar. It was concluded that this was consistent with their hypothesis that
soil-borne E.coli become naturalized to sites and are not inoculated from water.
E.coli persisted over winter months and through several freeze-thaw cycles and
grew during summer months. This was attributed to possible nutrient availability.
Sampson’s study suggests that cooler water temperatures can link
persistence and survival of bacteria in recreational waters (57). These cooler
waters can actually increase the ability of E.coli to survive in a variety of
conditions (57). The perception that cold water will not let the E.coli survive is
not accurate. The study also supports Whitman’s study that suggests that sand is a
reservoir for E.coli to settle where it can be protected from desiccation and death.
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According to Sampson, foreshore beach sand may contain 2-100 times more fecal
bacteria than water and is likely to be a major non-point source for beach
contamination. The difference of this study from the others mentioned is that
researchers utilized E.coli strains from beach water in Lake Superior, WI and
examined wider temperature ranges. The results showed that E.coli survival was
enhanced at lower temperatures and it was able to survive for 30 days in nonsterile lake water without sand and up to 40 days in the presence of sand at 4°C.
The conclusion was that using water temperature alone as an indicator of bacterial
presence is not ideal.
Flint’s study reported on the long-term survival of E.coli in river water
samples and temperature, competition for nutrients and plasmids as reasons to
explain their survival (25). When the effects of temperature were tested there was
no evidence that the bacteria died. Survival of E.coli was greatly enhanced at
temperatures of 25°C and below in samples that were filtered so there was no
competition from other bacteria. It was concluded that the samples that were kept
at colder temperatures did survive the longest or had the slowest rate of decay.
Plasmids may have helped them survive and but more studies would need to be
performed. Whitman’s study looked at E.coli from a series of studies that spanned
10 years. He suggests a more integrated approach when dealing with E.coli.
Water-land interaction is of utmost importance when considering this bacterium
as an indicator organism. Upland and near shore sources were studied. They also
looked at the interactions between sand and water to evaluate the connectedness
of the system (70). This study showed that E.coli accumulates in a downstream
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direction, largely due to soils, seeps and bank sediments (70) and not necessarily
from pollution. Also, nutrients and E.coli increase over stream order, with highest
concentrations at outfall and lowest near stream origin (70). It is often thought
that contamination in beaches comes from human input or other sources. But this
study and others like Ishii’s suggest that the amount of E.coli present in water is
influenced by numerous factors like rainfall, wind direction and concentration of
E.coli (70) It is also true that once E.coli cells are adsorbed onto sand and silt,
they are protected from desiccation and solar radiation but that the same cells in
water would have stresses from biotic and abiotic factors but soon settle (70). It is
reasonable to assume that E.coli is persisting for months and through many
different temperatures for streams and that the numbers reported at beaches as
being unsafe for humans might actually be E.coli that has settled into soil.
Currently only surface water counts of these bacteria are measured by federal and
state water quality agencies. The association of indicator bacteria with
resuspendable bottom sediments is not considered (37). The integrated approach
for determining how they function is probably the one that makes the most sense.
Factors affecting E.coli and fecal coliforms. —Survival of fecal indicator bacteria
is influenced by a variety of abiotic and biotic factors according to recent studies
(68). These factors include temperature, moisture, soil texture, organic matter
content, salinity and predation (36). Conditions such as low temperature,
ultraviolet radiation and other factors can decrease the density of E.coli and cause
it to be underestimated in the environment (66). Two observations suggest that
adaptive evolution in the secondary habitat can substantially influence population
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genetic structure of the E.coli species as a whole. First, the population size of
E.coli in the secondary habitat may be very large, as it is estimated that half of all
living cells are presently outside of a host. Second, data from multiple studies in
both tropical and temperate regions suggest that this organism can replicate and
reach high densities under favorable conditions outside of mammalian hosts and
in the absence of regular fecal input (66). Korajkic’s study suggests that
interactions among natural microorganisms (e.g., predation and competition) and
not sunlight play the most important role in the survival of fecal indicator bacteria
(FIB) in natural environments. He states that several parameters are responsible
for the decline of fecal indicator bacteria concentrations in the environment.
E.coli are known for their ability to respond and adapt to environmental stresses
(18). The effectiveness of fecal coliform as indicator organisms is confounded by
evidence demonstrating that they can survive for long periods and in some cases
proliferate in surface waters and sediments (59).
Governors State University. —There are three retention ponds on campus that
have been built as BMPs. Governors State University retention ponds affect
Thorn Creek because these ponds drain into the watershed. Thorn Creek flows
northward about 32.2 kilometers from its origin in eastern Will County to its
confluence with the Little Calumet River in Southern Cook County, running along
the way though the municipalities of University Park, Park Forest, South Chicago
Heights, Chicago Heights, Glenwood, Thornton and South Holland (9). Thorn
Creek and its tributaries- Deer Creek, Butterfield Creek and North Creek- form a
107 square mile watershed (about 104 square miles of which are in Illinois) (Fig.
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1). Urbanized land makes up 48% of the watershed while 48% is forested cover
(9). Within the Thorn Creek watershed there are nine lakes between 8 and 20
hectares in size, and well over a hundred other small lakes and ponds, most have
surface area less than two acres. About 3.6 % of the watershed is classified as
wetlands (3). Rapid and high volume municipal runoff in the Thorn Creek
Watershed, mostly due to increasing amounts of impervious surface, is diverting
large volumes of water into drainages, causing extensive erosion problems
through channel widening and bank failure along some streams. Slightly over one
half of the land use within the Deer Creek sub-basin is currently devoted to
agricultural cover. This represents a potential for non-point/point source runoff
that could adversely impact downstream (3). The main objective of this study was
to test the effect of temperature manipulation and time on Escherichia coli and
water/sediment samples from the retention ponds at Governors State University.
While this study is related to other research, it will be interesting to see if the
addition of Escherichia coli will act as an invasive species to the microorganisms
already present in the community. There has not been much research done to
determine the effect E.coli has on water and sediment samples.
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Materials and Methods
Samples of water and sediment were collected on October 13, 2013.
Samples were taken from the inputs and outputs on the three campus ponds: Café
pond, Café settling pond and Beaver pond (Fig. 2, 3). Samples of water and
sediment were taken at each of the six sites on three ponds. Water samples were
done first so sediment was not disturbed. Samples were brought into the lab and
processed on the day of sampling to ensure that the samples were viable. The 12
samples were then split into sterile vials in the lab so there would be a set of 12
tubes for each treatment application (6 for water and 6 for sediment) for a total of
36 vials. Subsamples were then plated in triplicate for each of three temperature
treatments: 36°C, 20°C and 4°C. A total of 108 plates were plated each of the
days analyzed. Samples were plated initially without any E.coli added to the
sample in order to determine how much E.coli was present in the samples. These
samples were plated on 3M Petrifilms and allowed to incubate for 24 hours and
then counted. Those totals were then subtracted from the counts during statistical
analysis. Then, Escherichia coli was grown in a tryptic soy broth in the lab for 24
hours. After growth, the E.coli sample was diluted by putting 0.5 mL into a
dilution tube with 49 mL of distilled water, which created a 10-2 dilution. This
was repeated three more times to get dilutions of 10-4, 10-6, and 10-8. From there
the dilutions were plated to determine which would be in the countable range. The
dilution plate- 10-7 had the best growth and that dilution was added to the 18
subsamples from the pond. Samples were placed in the dark at three different
temperatures; 20°C (room temperature), 36°C (in an incubator) and 4°C (in a
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refrigerator). A 1 mL portion of each sample was then plated in triplicate on
E.coli Petrifilms© on Day 0, 1, 6 and 12 for each of the three treatments. Samples
were counted 24 hours after plating. Mean E.coli counts were then used in the
statistical analysis. Separate ANOVAs were conducted for water and sediment
samples to detect differences due to temperature.
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Results
For the water samples, when comparing sites, all of the sites had almost
the same growth curve (Fig. 4-6). Numbers were highest at Day 0 and then
growth died off by day 12. Additionally, the incubator had the fastest decline to
the growth rate while the refrigerator took the longest. When looking at the
sediment samples, the incubator had the quickest growth but then had a more
rapid decline in growth rate (Fig 7). Room temperature had slower growth but
took longer to die off than the incubator (Fig. 8). The refrigerator samples had
definite growth but it happened more slowly and as of Day 12, there was still
growth at some of the sites (Fig. 9). A nested ANOVA was run on mean bacterial
counts, time and treatment to see if there was any statistical significance (Tables
1, 2). For water and sediment, two nested ANOVA’s were performed. The mean
counts were grouped according to temperature while the subgroup was time. The
ANOVA results for water had a p-value 0.098 for temperature and the p-value for
time was 2.54E-43. There was not significant variation among the different
temperature conditions but there was significant variation among the time
subgroups. 97.5% of the variation was explained by the subgroups (Table 1).
Sediment was processed as a separate nested ANOVA and the temperature
group had a p-value of 0.862 and was not considered significant. The p-value of
the time subgroup was 0.00003 and was considered significant (Table 2).
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Discussion
There are many abiotic and biotic factors that can affect the growth of
Escherichia coli in water and sediment. The purpose of this study was to see what
effect temperature had on the growth of E.coli over time when added to samples
from Governors State University’s retention ponds. Temperature does affect the
growth of E.coli but it cannot be dismissed that it may be due to nutrients and
other bacteria present in the samples. It is important to know what happens to the
E.coli in the secondary habitat of the ecosystem to see if this bacterium is simply
surviving during winter months or if it is new bacteria being introduced to the
ponds each season. The initial data suggests that when in sediment, the E.coli
appears to survive and as of Day 12 the bacteria was still growing albeit slowly.
E.coli in water appears to have declined to zero growth but these samples are still
being monitored in the lab to make sure that none of the bacteria had settled in the
sample. E.coli was expected to grow best in the incubator since it is closest in
temperature to the gut of humans. They may have died faster because all the
nutrients were used and maximum growth was reached. So in an incubator, E.coli
should grow and die fast. By the same reasoning, the fridge should show the
slowest growth, if any and then the slowest decline. Water and Sediment most
likely differed because of settling that may occur in sediment samples. Sediment
and water were both used without doing dilutions but the sediment had a lot of
coarse particulate organic matter as well as mud in the samples. When plated, the
sediment was not disturbed or suspended because it caused too much sediment to
be stirred up and then nothing could be plated. This could have been a source of
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error and it might be beneficial to redo the sediment doing a dilution so that it
could be mixed to get a more accurate representation of the actual amount of
E.coli present. This could also be the reason why samples went from zero on one
day of counting to having E.coli present. Another reason the bacteria might have
reappeared could be due to contamination while plating the samples in the lab.
The results from this study were generally consistent with similar studies
by other researchers (36,57,59,69). . E.coli in colder conditions can survive over
long periods of time and more research to see how long they can survive would be
of interest. It would also be interesting to see if the amount of E.coli present
changes from the inputs to the outputs of these ponds as they travel to the Thorn
Creek Watershed. While temperature does affect the growth of E.coli, the idea
that it might be due to nutrients or other bacteria present in the samples cannot be
dismissed. When in sediment, E.coli appears to be growing as of Day 12, albeit
slowly. It would be beneficial to know what happens to E.coli as it travels to see
how it persists in the environment. More research focusing on the survivability of
E.coli in cold temperatures would be interesting. Additionally future research on
the retention ponds and E.coli is important to see if the spikes seen are due to
overwintering or new E.coli being introduced into the ponds. In order to improve
water quality, focus needs to be on newer standards for fecal indicator bacteria.
Accounting for the source type of the fecal indicator bacteria is just one important
aspect (41). Since E.coli counts can change within moments of collecting a
sample, an integrated approach that links habitats within watersheds may be a
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more holistic approach. From there an E.coli budget may be possible which would
further explain partitioning and flux (70).
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TABLE 1. Nested ANOVA results for water

Among
groups
Subgroups
within
groups
Within
groups
Total

Degrees
of
Freedom
2

Mean Square

Fs

P

Variance
(percenteage)

5427436731700015000

0.0252

0.9752

0

9

21544861264059100000 234.7937

2.54E43

41.54

60

91760833337506100

58.46

71

100.00

TABLE 2. Nested ANOVA results for sediment

Among
groups
Subgroups
within
groups
Within
groups
Total

Degrees
of
Freedom
2

Mean Square

Fs

P

Variance
(percentage)

260977931045309000

0.1511

0.8619

0

9

17266297713070130000 5.2637

0.000028

97.50

60

328028790012216000

71

2.50
100.00
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FIG 1. Map of the Thorn Creek Watershed
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FIG. 2. Cafe Settling Pond (CSP) and Cafe Pond (CP) Sampling Sites

FIG. 3. Beaver Pond (BP) Sampling Sites
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FIG. 4. Incubator (36°C) E.coli Bacterial Water Counts
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FIG. 5. Room Temperature (20°C) E.coli Bacterial Water Counts
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FIG. 6. Refrigerator (4°C) E.coli Bacterial Water Counts
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FIG. 7. Incubator (36°C) E.coli Bacterial Sediment Counts
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FIG. 8. Room temperature (20°C) E.coli Bacterial Sediment Counts
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FIG. 9. Refrigerator (4°C) E.coli Bacterial Sediment Counts
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